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VOCABULARY. 


AOCTTMULATOS.  An  apparatus  to  accumulate  or  store  electricity.  This  name  is 
applied  both  to  the  Leyden  Jar  and  the  storage  battery. 

Action,  LooaL  Chemical  action  that  takes  place  in  battery  cells,  consuming  zinc  with- 
out producing  a  working  current. 

Active  Electricity.  Electricity  in  a  state  to  exert  attractive  and  repulsive  powers  or 
produce  heat,  light,  shocks  or  decomposition.    Free  electricity. 

Adonic  Line.  Line  of  no  variation.  An  irregular  cur\'ed  line  drawn  so  as  to  connect  all 
the  points  on  the  earth's  surface  where  the  needle  points  due  north  and  south. 

Alternate  Currents.  Those  currents  in  which  the  direction  is  changed  every  half  revo- 
lution. They  are  produced  by  revolving  an  armature  before  a  magnet,  or  a  magnet 
before  an  armature,  in  magneto-electric  machines. 

Anialffaniation.    Covering  the  surface  of  zinc  with  mercury  to  prevent  waste. 

Ampere.  The  unit  of  current  strength  formerly  called  a  Weber.  It  is  the  current  car- 
ried in  one  second  by  an  electro-motive  force  of  one  volt  through  a  circuit  whose 
resistance  is  one  ohm. 

Anelectrotonos.  The  condition  of  lessened  irritability  which  exists  in  that  portion  of  a 
nerve  nearest  the  positive  pole  after  a  current  of  electricity  has  been  carried  through 
it  for  some  time. 

Animal  Electricity.  Free  electricity  existing  in  the  body.  It  may  exhibit  magnetic, 
static  or  dynamic  properties,  according  to  the  circumstances  attending  its  presence. 

Anions.  Those  atoms  which  collect  about  the  anode  or  positive  pole  when  a  chemical 
compound  is  decomposed  by  electricity. 

Anode.  The  "  way  "  by  which  electricity  enters.  This  name  is  used  alike  for  the  positive 
pole  of  the  battery  and  the  electrode  connected  with  it. 

Antozone.    Oxygen  in  a  positively  polar  condition. 

Appliances,  Electrical.  This  term  is  generally  understood  to  refer  to  various  belts,  soles, 
jackets,  etc.,  inclosing  magnets,  small  cells  or  coils,  to  be  worn  on  the  person  for  various 
complaints. 

Armature  or  Keeper.  Soft  iron  bar  attached  to  the  poles  of  magnets  to  preserve  their 
magnetism. 

Artificial  Magnet.  A  bar  of  metal,  originally  without  magnetic  prop>erties,  to  which 
magnetism  has  been  imparted  by  another  magnet. 

Ascending  Currents.  The  current  applied  by  placing  the  positive  electrode  upon  the 
periphery  of  a  nerve,  and  the  negative  to  the  nerve  center. 

Axial  Line.    See  Magnetic  Axis, 

.    The  part  of  a  battery  upon  which  is  fastened  the  coil  and  binding  posts,  switches, 
etc. 

This  name  is  applied  to  (1)  The  apparatus  complete,  for  production  of  eleo 
tricity.    (2)  To  the  cells. 

BindinflT  Posts.    Clamps  for  connecting  conducting  wires  with  the  electrical  apparatus. 

Bound  Electricity.  Electricity  which  does  not  manifest  its  presence  by  any  of  the 
usual  phenomena.  This  tennis  also  applied  to  electricity  "accumulated"  or  "con- 
densed" in  the  Leyden  Jar. 

Break.    An  opening  in  the  circuit  preventing  the  passage  of  electricity. 

CAIiLAUD  BATTEBT.    Another  name  for  the  Gravity  Battery. 

Capacity.  The  capacity  of  a  condenser  (accumulator)  is  measured  by  the  quantity  of 
electricity  of  unit  potential  which  it  can  contain. 

Carbon.    A  substance  which  collects  in  the  neck  of  retcrts  in  gas  manufacture. 

(7) 
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CatalactrotoniiJi.    The  condition  of  increased  irritability  in  that  portion  of  a  nerve  nearest 

the  negative  pole  resulting  fh>m  canying  a  current  of  electricity  through  it  for  some 

time. 
Cathode.    The  "  way "  by  which  electricity  leaves.    This  name  is  given  both  to  the 

negative  pole  of  the  battery  and  the  electrode  attached  to  it. 
Cations.    Those  prodocts  of  chemical  decompoaltion  which  appear  at  the  negative  pole 

are  called  cations. 
Cantary.    See  Galvano-Cautery, 

CalL    The  jar,  cup,  or  other  container,  which  holds  the  elements  and  agent  which  pro- 
daces  a  diflTerence  of  potential  between  them. 
Oflntimatre.    The  unit  of  length.    For  its  value  see  unit*. 
C.  O.  8.   The  centimetre-gramme-seoond  system  of  measurements.    See  Vnitt. 
Oflntral  GKUvaniaation.    The  method  of  applying  a  galvanic  current  to  the  nerve  cen- 
tres.   Fully  deticribed  in  text. 
Oflntrifti^al  Current.    The  descending  current. 
Oflntripetal  Current.    The  ascending  current. 
Ohazve  of  Bleotrlcitsr.    The  quantity  of  electricity  in  a  body. 
Ofrda,  GKUvanio.    This  includes  fluid,  elements,  and  connections  between  the  elements 

ontside  the  fluid. 
dronit.    The  path  traversed  by  the  current    It  includes  the  elements,  battery  fluid, 

conducting  cords,  electrodes,  and  any  intervening  substance  or  body. 
dronit  Breaker.    An  apparatus  for  interrupting  the  circuit,  also  called  a  rheotome  or 

current  breaker. 
dampa.    Devices  for  completing  the  connection  between  electrodes  and  conducting 

cords. 
doaed  Cironit.    When  the  elements  are  united  outside  the  fluid,  either  by  direct  contact 

or  through  a  good  conductor. 
doainff  Contractiona.    Muscular  contractions  pn>duced  at  the  instant  the  circuit  is 

closed. 
Coil  Induction.    Rolls  of  wire  in  which  a  current  is  induced  by  the  alternate  opening 

and  closing  of  a  circuit.    The  coU  is  alKo  called  the  helix. 
Colleotinff  Plate.    The  electro-negative  element  of  the  pair  fh>m  which  the  positive 

current  comes.    Called  the  collecting  plate  because  the  hydrogen  and  other  products  of 

decomposition  collect  about  it. 
Commutator.    A  polo  changer  or  device  for  changing  the  direction  of  the  current. 
Compound  Xaffnet.    Several  single  magnets  united,  with  similar  poles  adjacent. 
Condanaar.    An  apparatus  for  accumulating  or  storing  a  large  amount  of  electricity  on  a 

small  hurfoce.    A  Leyden  jar  is  an  example.    See  Micro-Farad. 
Conduotora.    All  materials  which  readily  permit  electricity  to  pass  over  them.    This 

term  is  also  applied  to  the  electrodes,  and  cords  by  which  they  are  joined  to  battery. 
Conjunctive  Wire  or  Aroh.    The  metal  wire  joining  the  two  elements  of  a  galvanic 

pair,  outside  the  fluid. 
Conneotiona.    The  wires,  metallic  cords,  binding  posts,  and  all  metals  used  to  complete 

the  circuit  are  included  under  this  term. 
Conatant  Battery.    A  galvanic  battery  with  two  flnid  or  gravity  cells. 
Conatant  Current.    A  galvanic  current  from  a  Constant  Battery. 
Contact  Breaker.    See  Circuit  Breaktr. 
Continued  Current.    The  uninterrupted  galvanic  current 
Continuoua  Electriaation.    The  protracted  applications  made  by  belts,  chains,  etc., 

worn  on  the  body. 
Convection.    The  discharge  of  electricity  attended  by  alternate  attraction  and  repulsion 

of  particles  of  air,  and  the  materials  floating  in  it. 
Core.    A  bundle  of  soft  iron  wires  used  as  a  magnet  in  the  center  of  the  coll. 
Coulomb.    The  unit  of  quantity  formerly  called  the  Weber. 
Current  Breaker.    A    device   for  alternately  opening  and   closing  the  circuit.     A 

rheotome. 
Current,  Electric.    The  transfer  of  electrical  energy  along  a  conductor.    It  is  commonly 

spoken  of  as  flowing  from  the  positive  to  the  negative  points  in  the  circuit 
Current  Beveraer.    A  pole  changer. 
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Cim«nt  Seleotor.  This  name  is  applied  to  two  separate  devices  for  altering  the  strength 
of  current,  (a)  Galvanic  Current  Selector  brings  any  number  of  cells  into  circuit,  ib) 
Faradic  Current  Selector  brings  the  prinwry  or  secondary  current  into  circuit. 

Cylinder  ICAehlne.    A  form  of  static  machine. 

DAJbTOBLJJB  OBLLi.  Invented  by  Prof.  Daniells,  of  London.  It  consists  of  a  porous  cup 
containing  dilute  sulphuric  acid  immersed  in  a  Jar  containing  a  solution  of  sulphate  of 
co|^r.    The  elements  are  copper  and  sine. 

2>6otixiatioii.    The  dip  of  the  needle.    The  angle  it  makes  with  a  horizontal  plane. 

Deflection.  The  turning  aside  of  the  marked  end  of  needle  firom  O  or  N  of  the  scale  over 
which  it  is  suspended  when  the  scale  is  so  arranged  that  O  or  N  points  due  north. 

Ttniinauncitlin     To  take  away  magnetic  properties. 

Density.  The  amount  of  electricity  accumulated  on  a  unit  of  surface  is  called  **  density." 
The  term  is  also  applied  to  a  large  quantity  passing  over  a  small  conductor.  Sometimes 
erroneously  used  as  equivalent  to  tension  or  intensity. 

Derivation  Wire.  If  two  points  in  a  closed  circuit  be  connected  by  an  additional  con- 
ductor, this  conductor  is  called  a  derivation  wire. 

Derived  Current.  That  portion  of  the  current  drawn  off,  or  "  derived,"  by  a  derivation 
wire.    Its  potential  is  much  less  than  the  original  or  primitive  current. 

DeeoendiniT  Current.  The  negative  electrode  upon  the  periphery,  and  the  positive  on 
the  nerve  center,  gives  a  descending  current. 

Diamaffnetie  Bodies.    Those  which  are  not  susceptible  of  being  magnetized. 

Dieleotria  Insulators  across  which  electric  action  takes  place  are  called  dieUctrict.  The 
glass  of  the  Leyden  Jar  across  which  electricity  is  propagated  from  the  inner  to  i^e 
outer  coating  is  a  dielectric. 

Difference  of  Potential.  When  electricity  moves  or  tends  to  move  from  one  point  to 
another,  there  is  said  to  be  a  difference  of  potential  between  them. 

DiAision  of  Current.  The  power  of  a  galvanic  current  to  extend  its  infiuenoe  in  all 
directions,  that  power  never  being  limited  to  the  two  electrodes. 

Dip.    See  Inclination. 

Dippinir  Needle.    A  magnetic  needle.    The  compass  needle. 

Direct  Current.  This  term  is  used  in  two  senses.  (1)  The  descending  current.  (2)  The 
galvanic  current. 

Discharge.    A  sudden  equalization  of  potentials. 

Disoharffer.  An  instrument  through  which  the  diflterence  of  potential  between  two 
surfaces  is  equalized.  This  name  is  also  given  to  the  instrument  which  directs  the 
charge  from  a  condenser  through  an  object. 

Disruptive  Discharge.  A  restoration  of  the  equilibrium  of  potentials  accompanied  by 
light  and  sound. 

Downward  Current.  The  term  applied  to  the  electric  current  from  the  center  to  the 
periphery.    See  Descending  Current. 

Dynamic  Electricity.    Electricity  in  motion,  i.  e.  propagated  as  a  current. 

Dynamo-Electric  Machine.  Also  called  magneto-electric,  are  machines  in  which  a 
powerf\il  electric  current  is  produced  by  revolving  coils  of  wire  between  the  poles  of  a 
horseshoe  magnet. 

Dyne.  The  unit  of  force  — t.  e.  the  force  which,  if  it  acted  for  one  second  on  a  mass  of 
one  gramme,  would,  if  the  mass  was  previously  at  rest,  give  it  a  velocity  of  one  centi- 
metre per  second  ;  or,  if  it  was  previously  in  motion  in  the  direction  of  the  force,  would 
in  that  time  alter  its  velocity  by  that  amount. 

BBONITXL    Black  rubber  rendered  hard  by  vulcanizing;  also  known  as  vulcanite. 

Bleotria    Any  substance,  such  as  glass,  amber,  etc.,  in  which  electricity  can  be  excited. 

Bleotrical  Machine.    See  Machine. 

Xleotrio  Aura.    A  current  of  electrified  air,  also  called  "  Electric  Wind." 

Xleotrio  Bath.    This  term  is  applied  to  two  methods  of  electrization.    1.  Allowing  an  elec 
trie  charge  to  be  slowly  drawn  off  or  dii»sipated  ftom  an  insulated  patient  by  the  sur- 
rounding air.    2.  Electrizing  a  patient  while  In  a  water,  vapor  or  hot-air  bath. 

JDeotrlo  Brush.  A  wire  brush  used  as  an  electrode.  It  is  connected  with  one  pole  of 
the  battery. 

BIsotrio  Disks.    See  Eiectrizere. 
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Sleetrio  Bndosmosis.  When  a  porous  diaphragm  is  placed  in  a  liquid  traTersed  by  a 
a>Dtinuous  current,  the  liquid  will  pass  through  the  diaphragm  in  the  direction  of  the 
positive  current.    This  process  is  electric  endosmosis. 

Blectrio  Fish.  Certain  fishes  that  give  electrical  shocks  when  touched.  The  best  known 
are  the  Torpedo  or  Electric  Ray  of  the  Mediterranean,  the  Gymnotusor  electric  eel  found 
in  certain  ponds  in  Surinam,  and  the  Malapterurus  or  electric  shad  of  the  Nile. 

Blectrio  Fluid.  This  name  was  formerly  given  to  electricity,  in  accordance  with  the 
theory  that  it  is  a  subtle  and  imponderable  fluid  which  permeates  all  bodies. 

Bleotrlo  Force.    The  power  of  electricity  to  move  matter. 

Blectrio  Hand.    The  hand  of  the  operator  used  as  an  electrode. 

Blectrician.  One  versed  in  the  science  of  electricity  in  its  relation  to  the  arts.  A  term  that 
is  often  incorrectly  used  instead  of  electro-thera]>eutist. 

Electrioltsr.    A  mode  of  motion  of  the  atoms  of  matter. 

Blectrio  Kaohine.  This  term  is  usually  applied  to  the  apparatus  for  producing  static 
electricity.    Sec  Machine. 

Blectrio  '^'^'^n,    A  bum  made  by  the  galvanic  current  on  the  skin,  as  a  counter-irritant. 

Blectrio  PotentiaL    See  Potential. 

Blectrio  Residue.    See  Residual  Charge, 

Blectrio  Tension.  Free  electricity  struggles  to  escape  Arom  the  surface  upon  which  it  is 
accumulated,  and  this  effort  is  termed  electric  tension ;  it  may  be  considered  a  kind 
of  pressure  or  strain  acting  from  the  center  of  a  body  outward. 

Blectrify.  To  communicate  electricity  to  a  body  not  previously  exhibiting  its  presence. 
To  cliarge  with  electricity. 

Bleotrine.    Belonging  to  amber. 

BlCKStrization.    The  act  of  applying  electricity. 

Bleotrixers.  Discs  of  different  metals,  as  copper  and  zinc  or  silver  and  zinc,  which  are 
sometimes  applied  to  the  surfiocc  of  the  body  and  connected  with  c(>pper  wire ;  the  per- 
spiration excites  a  feeble  galvanic  current  that  may  be  kept  up  for  an  indefinite  time. 

Bleotro-Biology.  Electrical  currents  developed  in  living  animal  tissues,  by  friction, 
chemical  decomposition,  etc.  This  term  is  also  applied  to  the  phenomena  supposed  to 
I  be  developed  by  mesmerism. 

Bleotro-Biosooxyy.    Testing  the  muscles  by  electricity  to  see  if  life  is  extinct. 

Electro-Cautery.    See  Galvano-Cautery. 

Blectro-Chemioal  Bath.  The  introduction  and  withdrawal  of  metals  from  the  living 
body  by  means  of  a  galvanic  current  applied  through  a  bath. 

Bleotro-Chemistry.    See  Electrolysif. 

Bleotrodes.  The  name  originally  given  to  the  points  at  which  electricity  enters  and 
leaves  a  substance.  The  name  is  now  generally  given  to  the  instruments  fastened  to 
the  conducting  cords  that  are  used  in  applying  electricity  to  the  human  body. 

Bleotro-Diaffnoeis.  The  discrimination  of  disease  by  means  of  electricity.  Electro- 
Pathology. 

Blectro-Djnuunios.    The  phenomena  of  electricity  in  motion. 

Bleotro-lithotrity.    The  disintegration  of  calculi  in  the  bladder  by  electricity. 

Electroloffist.    One  who  makes  a  specialty  of  electrr>therapeutics. 

Bleotrolysis.    Separation  of  a  chemical  substance  into  its  elements,  by  electricity. 

Eleotrolirte.    The  body  acted  upon  by  electrolysis. 

Blectrolytio.    Relating  to  chemical  decomposition  produced  by  electricity. 

Bleotro-maffnet.  A  mass  of  soft  iron  surrounded  by  a  coil  of  wire,  which  is  rendered 
temporarily  magnetic  by  passing  a  current  of  electricity  through  the  coil. 

jSleotro-maffnetism.  1.  Magnetism  developed  by  electricity.  2.  A  current  from  u  mag- 
neto-electric machine. 

Electrometer.  Instrument  for  measuring  the  strength  of  the  attractions  and  repulsions 
between  electrified  bodies.    Also  see  Etectrotcope. 

Eleotro-Motive  Force.  The  force  which  tends  to  move  electricity  ftom  one  point  to 
another. 

Electron.    Amber. 

Electro-Negative  Bath.    Electrifying  a  patient  from  negative  jar  of  a  static  machine. 

Blectro-Otiatria.  Electricity  applied  to  treatment  of  diseases  of  the  ear.  It  also  includes 
the  electro-physiology  of  the  ear. 


VOCABULARY.  11 

Blectro-Pathology.    See  Electio-dlagnoflis. 

BlflotarophoruB.  This  conslstB  of  (a)  a  lower  disc  or  generating  plate  of  resin  or  hard 
niober ;  (6)  an  upper  dlsc^  or  collecting-plate  of  metal  two  inches  less  in  diameter  than 
the  lower  plate.    Its  use  is  to  generate  small  quantities  of  static  electricity. 

Sleotro-Physiology.  The  effect  produced  on  the  healthy  tissues  of  the  living  body 
by  electricity. 

Sleotro-Positive  Bath.  Electrifying  a  patient  fh>m  the  positive  jar  of  the  static 
machine. 

Eleotro-Punotare.  The  application  of  any  form  of  electricity  by  means  of  needles  thrust 
into  the  tissues. 

Electroscope.  Apparatus  for  detecting  the  presence  of  static  electricity,  and  determining 
whether  it  is  positive  or  n^ative.    Also  see  EUetromHer. 

Slectro-Statice.    That  science  which  treats  of  static  or  franklinic  electricity. 

SlectrostiziB.    Electro-puncture. 

Blectro-Sarflrery.  The  use  of  any  form  of  electricity  in  surgical  diseases.  Electrolysis 
and  galvano-cautery  are  the  principal  forms  in  which  it  is  employed. 

Blectro-Therapeatice— Electro-Therapy.    Treatment  of  disease  by  electricity. 

Eleotro-TherapeatLit.  One  who  is  versed  in  the  use  of  electricity  in  disease ;  incorrectly 
called  an  electrician. 

Electro-Tonic.  The  name  Faraday  gave  to  the  changing  state  of  the  conducting  wires 
while  the  current  is  forming  or  ceasing. 

Electrotonos.  The  peculiar  condition  of  a  motor-nerve  when  a  continuous  galvanic 
current  is  passed  along  it. 

Electroxn.    Amber.    This  name  is  also  given  to  an  alloy  of  gold  and  silver. 

Elements.  The  metals,  or  carbon  and  metals,  immerKd  in  battery  fluid  to  generate  a 
current  of  electricity. 

Bndosmose.    See  Electric  Endosmosis. 

Equator.    See  Magnetic  Equator. 

Erg*.  The  unit  of  work ;  i.  e.,  it  is  equal  to  the  work  required  to  move  a  body  through  one 
centimetre  against  a  force  of  one  dyne. 

Essential  Eesistanoe.    The  resistance  within  a  battery  cell  (internal  resistance.) 

External  Eesistanoe.  Resistance  in  the  circuit  outside  the  cell  (non-essential  resist- 
ance). 

Extra  Current.  This  name  refers  to  (a)  the  appreciable  current  in  the  primary  coil 
which  is  due  entirely  to  induction,  and  is  partly  galvanic  and  partly  magnetic,  (b)  It 
is  also  given  to  currents  taken  fh)m  different  layers  of  the  secondary  coil,  (c)  The 
transient  currents  in  a  coil,  produced  by  the  induction  of  each  portion  of  the  current 
on  the  neighboring  wires,  on  which  it  acts  as  if  they  were  portions  of  another  circuit 

Extra  Polar.  Electricity  is  believed  to  be  propagated  within  the  tissues  in  every  direc- 
tion from  the  electrodes.  Its  effect  upon  those  not  between  tne  two  poles  is  called 
extra-polar. 

FAEAD.  A  million  micro-fbrads.  1.  The  capacity  of  a  condenser  which  holds  one  cou- 
lomb at  a  potential  of  one  volt.  2.  A  coulomb  in  a  farad  condenser  is  capable  of 
causing  a  difference  of  potential  between  the  poles  of  a  circuit  that  it  will  require  an 
electro-motive  force  of  one  voli  to  overcome. 

Earadic  Current.  The  current  generated  in  a  coil  of  wire  by  induction.  Also  called 
induced,  interrupted  or  extra  current. 

Faradic  Induction.  A  current  of  electricity  passing  through  a  wire  excites  a  wave  of 
electricity  in  a  second  wire  placed  near  and  parallel  with  it  at  the  instant  of  opening 
and  closing  the  circuit.    This  is  faradic  induction. 

Faradisni.    The  application  of  induction  currents  to  the  treatment  of  disease. 

Faradization.    Appl  i cation  of  the  faradic  current 

Ferro  Kagnetic.  iron  and  similar  bodies  that  are  attracted  by  iron.  Also  called  para- 
magnetic bodies. 

Field,  Kagnelic.    See  XagneUc  Field. 

Franklinism.  Static  electricity  employed  as  a  remedial  agent.  Named  ttom  Bei^amln 
Franklin. 

Frlotional  Electricity.  Electricity  set  ^e  by  fHction.  Static  or  Franklinio  elec- 
tricity. 
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r.    rnbcmnd  electricity.    That  state  in  which  it  exhibits  attraction  and 


rrgiclsiiA. 
Fattic^Xicni^  Klacstxic    The  apjkUcatkm  of  electricity  throogh  a  metallic  brush. 
OAX.TA1IIC  AFPA&ATUB.    AKMumtQs  lor  generating  and  Aimishing  the  galvanic 

mTTNav 


OftlraBic  Bailt,    An  apfUianoe  Pyr  tbe  oontinaona  aM^lication  of  galvanism.    It  consiitB 
of  a  M9-ies  of  smaB  oeUs  containing  elements  which  a^^  ftutfeened  to  a  belt  to  be  worn 
around  tbe  body. 
OalrsBic  Chain     A  aeries  of  links  nsnally  composed  alternately  of  dnc  and  copper,  to 
be  worn  antund  tbe  body.    Tbe  current  is  generated  by  dipping  them  in  vinegar  or 
Waaler,  or  ssmp^y  by  the  moismie  supplied  by  the  perspiration. 
OaK'Szac  CetqIa.    This  usually  Kiters  to  a  pair  of  elements  immersed  in  battery  fluid 
anw  connericd  onisade  the  £uid.    A  single  circle  is  one  galvanic  cell  in  action.    A 
con  jv.und  rirt'lt  is  two  or  mive  connected  together. 
Oftlrsiiac  CmreBX.    Tht^  current  direct  from  the  battery  cells.    It  is  ftvquently  called 
a  viinair  rurreni.    When  carried  through  a  coil  of  wire  it  becomes  a  fsrsdic  current. 
Q>i><  anil  Tlia>a     IU^»  of  two  disimilar  metals  arranged  alternately  on  a  band,  jacket, 
•ojt .  eir ..  bo;«-cGn  which  a  communication  is  ositablisbed  when  moistened  and  placed 
or.  tbf  skin  &nd  a  fmhle  galvanic  currejit  is  set  up. 
Qa!brasur  TniBimiili      T%'o  diiwrtmilaT  mctaK  lU-  two  piec««  of  the  same  metal,  which  aie 

of  UTH^QD^  tia7dnes<s  that  arr  usied  in  generating  a  current  of  electricity. 
Oailvazaic  Piair.    ?«e  Oiiha— ir  Ebrntmu. 

OalTwnoc  l^iwiaij.  An  instrumi^nt  fhr  retaining  the  uterus  in  position  and  at  tbe 
aauM  time  conducting  to  it  a  galvaaic  cmrrcnt.  It  may  lie  composed  of  alternate  pieoea 
nf  twr  difwrtmflar  mraOs  whirii  generate  tbe  current  when  moistened  with  tbe  secre- 
tions of  tbf  surtece  10  which  the  instrument  i»  applied,  or  it  may  be  connected  with  a 
WA  rr  ^vicke:  battery  whicii  generates  the  current. 
Qiili  anil  PcmltiaaL  Uinuie  pieoes  of  sine  and  cc^iper  wrapped  in  o(«»on  wool,  each 
fmi:  st^paimiec  )n  tiaxmeu.  all  Inclosed  in  a  bag.  one  side  of  which  is  made  of  rubber 
eimh.  tb<  otbt!!r  nf  conon.  Tbe  couon  surlhce  is  applied  next  tbe  skin,  and  tbe  ac^ 
pumulaied  peTspnrnDon  cxdies  galvanic  action. 
^UrsBiBia.  Tbf  scienne  which  traais  m'  that  Ihrm  of  electricity  which  is  generated  by 
riHimir«.  acnan. 

Tbe  medical  applinatinn  of  the  galvanic  current. 
«DimtiBBd.    An  appboation  of  the  galvanir  current  limited  to  a  particn- 
lar  niQscit,.  nenn  or  usgai;. 

Ti  afleict  bx  the  galrmnir  cnnrent 

jJaK'  wTlxicn  tlalviiiuM.'^aiiRty.  Burning  or  cauterlsaiion  of  tbe  tia- 
itnes  l>!i  ai.  clectzit  curreu:  Msnt  timuigh  a  wire  or  ]Uaie  of  great  resistance  twiially 
'pUoinum. 

T«-  bum  Willi  ii  giL!\'anir  cwrront 
r.    T'louiU;  Toftiw  u>  muxu^uliir  contrartion  pN^uced  by  tbe  gal> 
vaiiif  ramrni 

>w*f»iwl>fc;TifcAi— aawtv     Nann  givra;  by  Hiwrd  lUid  R*v^woI^  10  ;be  Nisnultiuieouf-  a|i9)li> 
call* a.  It:  tht  gaLvHiiu  anr.  iinwdu  rimvn;. 

At.  insr^inu'iiT  tivr  measuring  ibe  t***!  QtwnUo  .»;  clortnc  iIa  whiclh 
in^ougt  ii  ir.-nm  sc-^tuid 

(o   Tht  an  n:  scpaTsiing  chcmiru'.  o1cTnnnt^  fYow.  tho)^o<■-anpouT)d^  by 
f^iri-Trv-ur^      ('    Thi  ar;  of  dctvwLiuu;  m^»t>a^^^  iUecmott\   •*  ii.  o)c»ir.»ij  pfn^: 

**i.  tnszTiumm.  fa?  deiccUnc  Um  Aireoti.U'.  an*l  prix^o.v  *x  a  g%>*anic 
cum'n; 

i2v»i»t^<dazv«;3i?.    *rb«  annlinstuu.  iv  th<  g^Tx^anu  ourri>tii  to  Mii;«pnT\     7(  itv:n<^  ra^ 
rtsvpni: '.'<jn    ■•'   1  ^*vun«-.  vutt»T> 

TlH  aniUuvUiitt   41:  ibr  gH.!\*iait(  ciimtiu  t<  ()m    f^(«aunop;  o.' 


7h«  annliraiiiu.  *»;  eUvjnati\  uall  pai*^  01  (he  «mrAi«x-  of  Oie 
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General  FaradisatioiiL    General  Electrization  with  the  ftiradic  ctirrent. 
General  GKUvanlzatioiL    General  Electrization  with  the  galvanic  current. 
Gramme.    Theoretically,  this  is  the  mass  of  one  cubic  centimetre  of  distilled  water  at  4°  C. 
Gravity  Batteries.    Galvanic  cells  in  which  the  elements  are  placed  horizontally,  and 

the  two  fluids  are  kept  separate  by  difference  in  density. 
KKTJX.    See  CoU. 

Horseshoe  Uagrnets.    Magnets  in  the  form  of  the  letter  U. 
Hostioaltare,  ElectricaL    The  process  of  exposing  fruit,  flowers,  etc.,  to  electric  light 

during  the  night  and  the  sun  during  the  day.    Dr.  Siemens  having  tested  this  during 

late  years,  announced  that  the  growth  is  twice  as  rapid  as  under  other  conditions. 
Hydro-Bleotrization.    A  term  coined  by  Beard  and  Rockwell  to  indicate  that  electricity 

is  applied  by  means  of  water  as  an  electrode. 
Hydrostat.    A  device  for  preventing  the  spilling  of  fluid  out  of  battery  cells.    Designed 

to  render  a  battery  portable  without  the  necessity  of  removing  the  fluid  fVom  the  cells. 
IONS.    Elements  into  which  a  substance  is  divided  by  electrolysis. 
Inclination  or  Dip.     The  angle  which  a  freely  suspended  magnetic  needle,  when 

parallel  with  the  magnetic  meridian,  makes  with  the  horizon. 
Induced  Charge.    When  a  charged  body  is  brought  near  another,  but  not  in  contact 

with  it,  the  latter  becomes  electrified  or  posesses  an  induced  charge. 
Induced  Currents.    See  Faradic  CurreiU. 
InducinflT  Current.    See  Primary  Current 
Induction.    The  prooets  of  exciting  electricity  in  any  object  by  bringing  it  near  to  but 

not  in  contact  with  a  circuit  through  which  a  current  of  electricity  is  pattbiug,  or  an 

electrified  body. 
Induction  CoiL    This  refers  to  the  coane  wire  coil  through  which  the  primary  current 

paues.    It  is  also  used  to  include  the  entire  coil  and  its  core  which  are  necessary  to  the 

production  of  a  faradic  current. 
iTii^Jftl  Charge.    A  charge  excited  on  glass  or  rubber  and  conveyed  to  the  plates  of  a 

static  machine  by  contact. 
Insulators.    Substances  such  as  glass,  rubber,  shellac,  etc.,  which  hinder  the  passage  of 

electricity  over  or  through  them. 
Insulation.    Supporting  or  surrounding  a  body  by  an  insulator. 
Insulating  Stool  or  Platform.    A  stool  or  platform  which  has  glass  or  rubber  legs. 

Any  ht4)ol,  platform,  or  chair,  may  be  insulated  by  glass  tumblers  or  saltcellars. 
Intensity.    The  energy  or  effectiveness  with  which  electricity  acts,  as  estimated  by  the 

results  produced. 
Intensity,  Uagnetic.    The  amount  of  force  with  which  a  magnetic  needle  is  brought 

back  to  its  natural  position  when  moved  out  of  it.    The  same  term  is  applied  to  the 

power  with  which  a  magnet  retains  its  hold  upon  attracted  objects. 
Interrupted  Current.    A  current  ftt>m  a  circuit  that  is  alternately  opened  and  cloeed. 
Inverse  Ctirrent.    Ascending  or  centripetal  current 
JABS.    See  Leyden  Jar. 
KSEPBB.    See  ArmaJtwrt. 

T.AHTT.TB  CUBRENT.   Moving  or  gliding  one  or  both  electrodes  over  the  surflioe  treated. 
Latent  Bleotridty.    Passive,  bound,  or  natural  electricity.    That  form  of  electricity 

which  does  not  manifest  any  of  the  properties  peculiar  to  it. 
Leyden  Jar.    The  ordinary  form  consists  of  (a)  a  glacis  jar  or  bottle.    (0)  An  outside  and 

inside  coating  of  metal  reaching  within  two  to  four  inches  of  the  top.   (c)  An  insulating 

cap  fitting  into  the  neck  of  the  jar  which  supports  a  brass  rod  terminating  above  in  a 

knob,  and  below  in  a  strip  of  foil  or  chain,  that  lies  upon  the  inner  metallic  coating  on 

the  bottom  of  the  jar. 
Local  Action.    Decomposition  of  zinc  in  the  battery  fluid  when  the  elements  are  not 

connected. 
Local  Bleotrisation.    The  application  of  electricity  to  a  single  organ,  muscle,  or  nerve, 

with  a  stationary  electrode. 
Lodestone.    An  ore  found  in  iron-mines  which  possesses  the  property  of  attracting  iron 

or  steel,  and  when  Areely  suspended,  the  direction  of  the  magnetic  meridian. 
Line  of  Force  at  any  Point.    The  direction  in  which  a  charged  body  placed  at  that 

point  tends  to  move. 
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LIliiM  «>f  Kairn^Uo  Fotm.    Th«  curvcfd  Unex  tbroagh  which  the  force  enuuiAtiiiff  ttom 

n  mugittti  «i'Ui,    TUtfy  mmy  tnj  UltMtratefl  hy  holding  the  poles  of  a  mAgnet  agAiost  a 

■hi'iil  of  Htirr  |Hi|i«'r  ij(K/ti  which  Iron  flUngH  are  Rprlnkled. 
hintm  of  VltfW,     'I'hH  Ulnt^Um  of  a  current  ptmsing  through  a  condactor  haTe  been 

i]uiiiiiu»imt0^  to  \m  hi  curve*  nlmllar  to  the  lines  of  magnetic  force. 
MAOmiffl,  JBLBCTKXO.    Acf^irding  to  common  usage  this  term  refers  to  the  appa^ 

fNiii«  tnr  tftifiMrailitg  statin  or  frankllulc  electricity,  and  also  the  magneto-electric 

Of  <t)riiMtiio  i«lf('irli'  apimratiiN.    Htrictly  speaking,  this  term  spplies  to  all  batteries  or 

i1tivlt'i>«  Utr  Kt'titiratlng  elnctridty. 
MlwritMi.    I  ■  'i'Ut*  lixlMttonii.     2.  a  twr  of  steel  or  iron  to  which  the  peculiar  properties  of 

Hill  IimIihIoiim  hsvn  \mnu  Imparti'd. 
MiMIMMUti  A  a  la.    Thn  llitn  Joining  the  poles  of  a  magnet. 
MmviioUo  MuiiAi^'i**    'I'll*'  linn  of  no  dip.    An  Imaginary  curved  line  connecting  those 

|(oIiiIm  nit  Mill  uNhh's  NurAico  where  the  dipping  needle  remains  parallel  with  the 

hnll^fill 

MiitfiiaUii  Inlaid.    I.  Any  n*glon  wh(ir<!  magnetic  force  acts.    2.  Within  the  influence  of  a 

niiiMMt'l 
MiMriiaUii  liHltinilotii    1'litt  hiMuitnoo  of  magnets  through  space  either  to  produce  other 

iiiti|iiii>ii«,  III  In  hiitiii'p  alddtrlp  iMirrt«ntN  In  metallic  circuits. 
MiMrHAtlii  MartdUii.    A  grust  nlrolo  parallel  with  the  direction  of  the  magnetic  needle. 

Mint  |liOiti|nu  lIllOllMh  ItM  iHlloH. 

Mniliialtii  l*iila«.    i'oliilH  til  tlin  lutrthorn  and  southern  hemispheres  at  which  the  mag> 

ni>Hi>  iiiuMllii  MliiiiitH  iikNiilly  vcrtlcni. 
MiMfii*t1(i  ruiaiiUnl.    Tint  pnioiiiliil  of  a  iimtfiiotic  polo  is  of  precisely  the  same  nature 

NM  llitil  <luo  In  Mil  i>lt<iMi'tniMl  lioily  nt  tlist  |iliu't\    Hoo  Potential. 
MiMruaUo  llMlNitaiioaa.     Iron,  iilrkrl,  colmli  iind  nil  other  substances  to  which  the 

|)hi|H>ilU*H  ol  lltit  loiti'iiloiiii  iiisy  ho  tiii|iarliMl. 
MiMfrliaUain.     ritMl    t^ihM*  \sh(i<li  riiiinoN  \\w  todctMono   and  other  magnetic  bodies  to 

oHhlltll  Iho  phiMiuiuiMm  iiriinniotlnii,  mpuUlnii,  polarity,  etc. 
MA||i(aU«<k    Til  i««muiiuiit«'Mit*  iimiiiiii||(«  propi«rtl<Hi  to  HUlmtanccs  that  do  not  naturally 

MMMik1«t^N)m«l4'toHyi     KltHMl-liMly  H**i>*'i'*tl**il  ^^i*  *■<'(  1^**'  l»y  tho  action  of  a  magnet. 

M«mt^*>^«^  m^i^Vrlo  MiltthlUai    Him  liynnmo  K/n/rir*  }t>whinr. 

WLU^W^  }tMik\\y    rmoMi'Al  uiili  of  onimiMty.     A  <Miii<1iMiKcr  of  one  micro-fttrad  capacity 

^«MiUI  i<^MMHlu  hUmiI  tliKi  iMhMilMi hIiimMn  nr  tliinill  ni'pnmtod  hy  mica  plates, and  would 

U»  i^MUAluiM  \\\  H  ImH  ;v  \  lui»hw  t1«M>pHiiit  O'v,  liiohru  hi  dtainotor. 
II^^^m\^     I'ho  mhiiUo  (tHithMoMol  >Oih«h  iiimMiM'Im  MvippnniMl  to  )h«  oompocMHl. 
Mv^hU'  INvIi^Hk     nu»  pittiit«  till  tho  aiii  thro  ti|  tlio  hiuly  w  liorti  tho  various  branches  of  the 

m»Moi  iiono*  awpi^lxttis  tho  iiiii»oh»«  iiih\  Ih»  hIUmMoiI  hy  olootrioity. 
It^UU^tMN    A  «HMl  lit  \\ti%»  thiMiiMh  xOih'h  n  H««tMiiit«*  ourrout  in  tvasscd  to  increase  or 

t^\u\U|v\\  tt«>  ot^ivt  ii|^t(\  a  mayiioih'  iuvith>  plaood  atmNo  It. 
Il^9mi^\  A«^M\Vi\  «>f  Tw>t  l^m'vMtNi.     r>N«i  ouniMit^  iiio\tii)2  in  tho  smmo  direction  repel 

^MvhoOioi  .  \\\oMi\a  t«  »»^\|s^Uo  diivotUMiM  thoN  atti'HOt  «M*oh  othor. 
NATVII-Ali  m.K\^HlOITV.    NNhon  oU^otitoUx  o\ui«  in  Muh  a  fortn  that  its  eqoK 

tOMuim  \iti»»<  *v  \^i»iuitHM  IviSiiv  \\*  \y^^vH^^\^^^  [%  maiiHVvM.  U  i*  oalhst  uatuml  electricity. 
Itw^^Uy^  lt\#*4v^vtiv .      V^*»*  isH*»iV<M»     Oit|iiiian>  i"iM\Mi>M  to  iti.it  t\»n«  of  oUnmicity 

>^*\vMsM  \\\  \u^t\iui;  (fivitiHii  »n\     ^iovnuMt.^  ^^>^^n  any  i^Uio.  \smtlo»n*or  or  element 

>i^^(v^\  ^iHs  «»  «Uo  ^^h^uNVk^-i'nv  ui  itio  »a\oo  >x  ^x  h*  ■orthiin  >xh\  i\  ^-^litst  «ojrative. 
H^»»^v^  lt\MM«km>     Vhwt  ^svuhm  01  ih«^  vaitsvu  «'«t|s^v«  ,xi  i^taunuiw  « lomoi^t  immen«d 

^»\  ^^,^  »^iM  «>  v^v*lv  w^^jjanw     Uw  -mo.  iNnmii  w  ^^\^  h  iivKaiixo  ohvin^ity  i*  oMained, 

fH  V'^vx^M.  ^i^M^ilx  K|sAv»xo»  a»  «ho  ■t^v^♦^ty  vh'iiuiii 
It^^t^i^X  1\^%V^%      ^  )SMi\i  >m«t>^  ^>  ts  txx^>^Mi  ih>>  |t.%)oaoi .«  ntAiiiuM  loxxtnoh  irxNV.  t'.Un^  will 

,i,N^  oi>'-v  )^»**\  x»h.%*^  v\*^n*  »io»i^iu  *^i  xt%aiiM«  lU' i^(>>- 

H^^  \\XI^^*%^*        ^»XX  *.»>v*«i*M*V   XV"**   »^«S*  l»tM  l\v%^tx   XIHn»llin   v\»Sl^untX     V^N-^h  ft»  |;|aaa^ 
H-^^^W**^*^^      ^'^^xj^s   XV T» »*»!>>'»  «  h*x  h  )s^XnxM  oUv^Xix  MX  i-^Xx  n>M  on  \Tsowx  >\  f^^^'^ix^  tO 

^•Ws^'M'C  %^    ^"»*  **  *.V'».>,S\     '"^   »S"»»^x, ♦•>'«»  >^^l    \\  Im«  It  l«  M^X*    l\Mt"«'l\\    1^Xt|^)\>ai«\i  (hat 

^x-^s*  •  is>i\Aw>«>«^  ,■*•  N^*"**  oSs^'. '  ^^^   ti>«^v  0»»'  i^-^xxx*^ 

V\«o««»a«  «siMMa«¥iv     I'K^  ^^w*«xv  Mx  »hi*  «hx\^«xx  \^««»iV  tW  \>i£L 


VOCABDLABY.  15 

The  unit  of  reBlstance.   It  Is  very  nearly  equal  to  the  resistance  of  a  cylindrical 

wire  of  pure  copper  2&0  feet  in  length,  having  a  diameter  of  1-20  of  an  inch. 

Ohm's  I«aw.    The  law  devised  by  Ohm  for  determining  the  current  generated  and  the 

amount  of  work  it  can  do  under  given  conditions,  when  the  force  of  the  battery  and 

the  resistance  of  the  circuit  arc  known.    His  formulae  (£  standing  for  electro-motiye 

force ;  R,  resistance ;  C,  current)  are : 

E  E 

C^~~  R — "■  E=C4"R 

R  R 

Ohm  Ketsr.    An  instrument  for  measuring  ohms. 

Opening  Oontraotions.  Muscular  contractions  produced  by  opening  or  breaking  the 
circuit 

Ozidation.  This  term  here  relates  to  rust  collected  upon  the  metal  parts  of  a  battery. 
Rust  is  a  poor  conductor,  and  impedes  the  passage  of  electricity.    It  must  be  scraped  off. 

Osone.  Oxygen  rendered  electro-negative  by  passing  through  it  a  positive  charge  of  static 
electricity. 

PAitA  ■cwiw  ic  ^  carbo-hydrogen  obtained  firom  petroleum  and  other  sources.  It  is  a 
white,  waxy  solitf.  not  acted  upon  by  acids  or  alkalies.  It  is  an  excellent  insulating  sub- 
stance,  unequalled  for  its  resistance  to  moisture.  It  is  used  to  insulate  wires,  and  a 
thin  layer  of  it  on  the  upper  end  of  tbe  battery  elements  and  their  metal  connections, 
prevents  an  accumulation  of  salts  on  them.  Wlienever  applied  for  insulating  purposes 
it  should  be  melted  and  the  objects  to  which  it  is  applied  should  be  hot. 

Para-Masne^c  Bodies.  Iron  and  similar  substances  which  are  attracted  by  the 
magnet. 

Passive  Electricity.    Electricity  in  a  state  of  equilibrium.    See  Naiurdl  Electricity. 

Peripheral  Electrisation.  Electricity  applied  to  the  periphery,  or  external  surface  of 
the  body. 

Permanent  Magnet.  Those  which  retain  magnetic  properties  when  removed  Arom  the 
source  fh)m  v,  hence  they  acquired  it. 

Phreno-Kagnetism.  Excitement  of  the  organs  of  the  brain  by  mesmeric  passes  of 
magnetic  influence. 

Pile.  Originally  the  name  given  to  a  pile  composed  of  disks  of  zinc  and  copper  separated 
by  a  moist,  poroux  material,  constructed  by  Prof.  Volta,  hence  called  the  Voltaic  pile. 
It  is  now  frequently  applied  to  tbe  combination  of  elements  in  battery  cells. 

Plantinode.    Name  givi  n  by  DanieUs  to  the  collecting  plate,  platinum. carbon,  copper,eto. 

Platinum.  A  metal  first  discovered  in  the  mines  of  Choco,  Peru.  It  is  nearly  of  the 
color  of  silver  but  let»s  bright,  and  is  the  heaviest  of  metals.  It  is  much  used  for  the 
collecting  plate  in  battery  cells,  because  it  is  not  acted  upon  by  the  fluid. 

Polar.    Relating  to  the  poles. 

Polar  Foroe.  That  force  with  which  similar  ends  of  magnets  attract,  and  dissimilar 
repel  each  other. 

Polarity  of  Electrioitsr.  That  property  of  electricity  which  causes  it  to  exhibit 
attraction  and  repulsion. 

Polarity  of  Magnets.  That  property  which  causes  them  when  f^reely  suspended  to 
asbume  a  northerly  and  southerly  direction;  also  to  attract  dissimilar,  and  repel 
similar,  poles  of  other  magnets. 

Polarity  of  Nerves.  That  condition  of  a  nerve  in  which  the  part  nearest  the  negative 
pole  is  in  a  state  of  increased,  and  that  nearest  the  positive  is  in  a  state  of  diminlBhed« 
irriubility. 

Polarizable.    The  property  of  exhibitiug  polarity  under  certain  conditions. 

Polarisation.  The  act  of  arranging  the  substances  which  form  an  electric  circuit  in 
polar  order,  that  is  the  positive  atoms  collected  together  in  one  part  of  the  circuit,  and 
the  negative  in  another,  so  arranged  that  they  react  on  each  other. 

Polarisation  of  Elements.  When  the  hydrogen  set  fi^e  in  a  cell  is  permitted  to  collect 
about  the  carbon,  platinum  or  copper  plate  in  the  fluid,  there  is  a  counter-current  set 
up  between  the  gaseous  envelope  and  the  zinc  within  the  fluid,  which  tends  to  counter- 
act or  destroy  the  current  passing  through  the  external  circuit,  and  the  elements  are 
said  to  be  polarized. 

Polarising.    Giving  polarity  to. 

Polarising'  Current.    A  current  which  produces  the  electrotonlc  condition. 
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This  Is  accomplished  by  plAdng  the  pole  whose  dlitiiictlTe  effect  ii 
vaat^d.  over  the  part  to  be  treeted.  and  the  other  pole  over  some  mdiflierent  part. 

A  rbeocitype  or  current  revexser.  A  device  for  changing  the  direction  of 
the  cumnit  without  removing  the  electrodes.  A  usefUl  instnunent  fi>r  employing  a 
galvanic  current  to  produce  contractions. 

Foints  where  electricity  passes  in  and  out. 
Points  where  magnetism  is  concentrated. 
CVjuBamtlse  or  Oonaeqxieiit.    When  a  magnet  is  irregularly  magnetised,  tt 
fits^M'^ily  contains  thi«e  or  more  poles,  and  the  term  contequeHt  is  applied  to  the 
exxxapoies. 

The  power  of  a  magnet  to  sustain  weights  fastened  to  its  armature. 
That  which  is  set  ftee  by  rubbing  glass  with  silk. 
The  binding  post,  conducting  cord  and  electrode  connected  with  the 
eaiKm.  coppex  or  platinum  (electro-negative)  element  of  the  battery  are  respectively 
ealk«d  the  T^'«itivr  pole, 

LtiaL  Thift  term  holds  the  same  relation  to  electricity  that  the  term  level  does  to 
graTlty.  Ju$i  as  water  at  a  higher  level  tends  to  flow  to  a  lower  one,  so  electricity  at  a 
hii^r  poteniial  tends  to  move  to  a  point  of  lower  potential.  It  is  often  used  synony- 
iBoasly  with  tensiiui :  but  since  the  latter  term  is  used  to  express  very  diverse  con- 
ditioQ&.  eIe<Tticians  ni>w  make  use  of  the  term  potential  in  referring  to  **  electric  level," 
wbf>^tr  s-uitic,  tlynamic  or  magnetic. 

iW  DifToivniX*  of  *'  electric  level "  betw«.»en  two  elements,  when  both 
are  irsriirs^'d  in  :fce  same  fiuid,  whtoh  acts  chcmioally  ujH)n  one  of  them.  The  same 
lerai  applit^  t*.  difference  in  eKvtric  level  prmluced  by  revolving  coils  of  wire  between 
the  |x«le*  v^f  borae*h*^  magnets. 

,    The  p^^ential  or  "  electric  level "  due  to  a  given  magnetic  pole 
»  of  ?  T^'JMflv  the  sAtae  naiuxv  as  thai  of  an  olootritlo*!  lH>dy  at  that  ^ilace. 

This  is  thodil!rer«.Mtiv  in  **  eKvtrlo  level "  between  an  electrtSedbody 
arsi  the  cranh.  the  latter  being  the  standard  ami  rt^cnrded  as  ter\\ 

Ltial  ttt  a  Point.  An  abl^*viation  fordiflereiux*  of  iH>tential  between  the  point  and 
thee«nh. 

The  layers  t>f  ct^arsse  wirv  which  fv^nn  the  inner  c^Ml  of  the  helix. 

The  mducini:  current  fh^m  the  primary  e^Ul.    2H^metimt*s  the  gal* 

currttit  direct  frvun  the  *vlls  is  incomM>tly  i^alUnl  |uiuiar\\  to  distinguish  it 

frc«a  that  *Ni<aia«d  indirwtly  by  induction. 

PxiBitiT«CuT^s&t.    >i^'hen  tnkv  i^ints  in  a  cUvhhI  circuit  aiv  <,vuut>cte\l  by  an  additional 

cvoi^rtoiT.a  jK>nion  v>f  the  current  is  drswn  olt*.    The  current,  as  it  existed  befbre  a 

l*rj »  d?u»-n  off.  is  the  i>rimiiive  oum^nt, 

yitiUfcctad  ApplioiitiOBa.    The  wuitinmM  ap)Utcativ^n  of  electricity  by  means  of  belts 

d»ks.  T>:c  .  f  .r  a  ions  t •«»<"• 
ttUAUTT  OF  A  CUSUSNT,    This  retVrs  to  its  «tret\g1h  as  tletemiinetl  by  its  elecuo- 
Rx^nv  To^v  and  resis;anvv.  and  alu^^  to  ;he  rapidtty  \^l'  its  iiUerrtiptii^ns^  and  wheth^ 
i;  »  sacvxxh  or  harsh. 

r.  The  aisount  of  e!e\"inoity  iw*«emt»M  tt\  a  uiven  tuue.  fVr  pur|K>w«  of  cakti- 
la-.i.t.  clectrjciiy  is  rx-^arvK^t  as  it  it  xivre  a  tuaterial.  tuivmimn^MMe  t*x;:a  :  f.  jr..  if  two 
UxlMs c^.-^tain  ev^ual  »;uaniJne*of  owe  Kitul  of  eUvtricitx .  and  it  aU  W  tmnsf^rred  to 
ioe«  il<Uncr»:U  cxMstain  t^  iiv  the  ^^uami^y  it  did  Ivt^rx*.  ou  the  ^vmrarr.  if  the 
^>csr-.c:Ty  in  OS*  bv>»Jy  is  divided  x^lth  another  n%M  |Vfx'\  unwly  eUvtnt^tM.the  former 
w'JI  have  ^^:y  ccj^-half  the  ^jwantity  it  bad  U*I\mv 

LDICAI«&    Tbe  Mw  v>r  e:ettteutar>  atott»»  luio  w  htch  a  chemical  \^n^HV«ud  is  divided 
by  cjeetn^iysss^ 

The  ^-Khet^Nvweiw  dexvlo^HM  in  an>  |>aUoHhcN\l\  uw*ler  the  in- 
itKocr  of  i:;x-:r..i:y. 

uav«k    A  i«*eV.Ic  ch*T>^■'^>f  *Uv»v*city  >\hu'h  »»♦»«  tv  \^Haims\  ttNNm  a  Ijcyden 
j*r  a  fc^   ru:au:<«  a^lrr  tt  ^a»  Nvu  thoiv^ijthly  dlM*hH«v^>t     t  uvmll,>    "the  charge 

left  v^ver  " 

IL    M*Wlew»ve*^\  ba^\  »»\>»x  \*hvu  waal^cto^M  \viauyt».MMc  r.^.agTketic 

polanvy.  xai*  »  raMdaal  aMtgue^t^Mt 
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Berincma  Blaotrioity.  Negative  electricity.  That  which  1b  excited  by  robbing  wax  or 
resin  with  flannel. 

Beaistanoe.    Opposition  to  the  transfer  of  electricity,  or  to  its  development  as  a  current. 

Bevema  Coxrant.    See  Ateending  CurrenL 

Baveraer  (Coxrant).    Pole  changer. 

Bhaoohord.  A  metallic  wire  introduced  into  a  circuit  to  measure  the  resistance  or  vary 
the  strength  of  the  current. 

Bhaomatar.  (Gr.  rheos,  a  current,  and  metronf  a  measure.)  An  instrument  for  measuring  a 
galvanic  current.    Galvanometer. 

Bhaomotor.  (L.  motor,  a  mover,  from  moveo,  I  move.)  An  apparatus  by  which  an  elec- 
trical current  is  originated. 

Bhaophora.    (Gr.  ptioreo,  I  bear  along.)    An  electrode. 

Bhaoaoopa.  (Gr.  thope,  I  view.)  An  apparatus  for  ascertaining  the  existence  of  a  gal- 
vanic current.    A  galvanoscope. 

Bhaoatat.  (Gr.  gtato»,  that  stands.)  An  instrument  for  bringing  a  definite  amount  of 
resistance  into  the  circuit.  It  receives  its  name  i^om  its  power  to  keep  the  galva- 
nometer needle  standing  at  the  same  point  during  an  experiment.  Two  forms  are  com- 
monly used  for  medical  batteries,  the  hydro-rfieoitat  and  retittance  coil.  The  resistance 
coil  difiers  firom  the  rheochord  in  that  the  wire  composing  the  former  is  in  a  coil,  in 
the  latter  it  is  straight 

Bhaotoma.    (Gr.  temno,  I  cut.)   A  current  breaker. 

Bhaotropa.    (Gr.  (rgx),  I  turn.)    A  pole  changer,  or  current  reverser. 

Botary  Maohina.  Magnetio-Electrie  Machines  in  which  electricity  is  generated  by  turn- 
ing a  crank. 

Bnhmkofr  CoiL  A  very  powerftd  induction  coil  invented  by  Ruhmkoff,  a  celebrated 
electrician  of  Paris. 

8E00NDABT  ACTION.    See  Secondary  EUctrolysU, 

Saoondary  Battery.    A  storage  battery.  An  apparatus  for  accumulating  electric  energy. 

Saoondary  CoiL  A  coil  of  fine  wire  wound  in  many  layers  around  the  primary  coil 
firom  which  it  is  separated  by  insulation. 

Saoondary  Current.  The  induced  or  "to  and  fW>"  current  fVom  the  secondary  coil  of  the 
helix.    The  faradic  current. 

Secondary  Eleotrolysla.  Decomposition  supposed  to  be  accomplished  by  the  chemical 
action  of  the  elements  set  ftee  by  electricity.  It  is  secondary  action  that  causes  the 
hydrogen  to  be  used  up  by  the  chromic  acid  set  free  in  the  battery  fluid,  and  the  con- 
sequent formation  of  chrome  alum. 

Sensibility,  BXeotro-Mnscular.  The  peculiar  sensation  produced  when  a  muscle  con- 
tracts under  the  stimulus  of  an  electric  current. 

Shield.  The  tube  or  sheath  which  answers  the  purpose  of  a  current  regulator.  When  it 
is  moved  entirely  within  the  coil,  the  strength  of  the  current  is  diminished ;  when 
withdrawn,  it  is  Increased. 

Shock.  1.  A  sudden  discharge  of  electricity  fh>m  a  I^yden  jar  or  the  conductor  of  a  static 
machine.  2.  The  unpleasant  or  painAil  impression  made  on  the  nerves  by  opening  or 
closing  the  circuit  or  suddenly  increasing  the  strength  of  the  current. 

Short  Circuit.  Name  given  to  the  circuit  when  it  is  completed  before  reaching  the  con- 
ductors or  electrodes.  Polarization  depends  upon  the  establishment  of  a  short  circuit 
within  the  cell. 

Stabile  Current.  A  current  applied  with  both  electrodes  in  a  fixed  position.  Labile 
and  stabile  were  terms  selected  by  Remak  to  describe  the  method  of  applying  a 
current 

Statical  EXeotricity.    Electricity  at  rest  It  is  set  ftee  by  friction,  pressure,  cleavage, etc. 

Static  Machines.    Apparatus  for  generating  factional  or  Franklinic  electricity. 

Storagre  Batteries.  See  Secondary  Batteries,  They  have  been  used  for  supplying  a 
current  for  galvano-cautery  purposes,  and  also  for  illuminating  internal  cavities  of  the 
body. 

Switch.  Metallic  bars  revolving  on  a  pivot,  used  to  connect  sections  of  cells,  as  current 
reversers,  and  current  selectors.  They  form  a  part  of  the  battery  accessories  that  are 
attached  to  the  base. 
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TANGENT  GAIiVANOMBTBB.  An  Initrament  fbr  the  aconrmte  metflurement  of 
the  strength  of  the  galvanic  current 

TensiozL  PotentiaL  Thifi  term  ii  applied  by  various  authora  to  (1)  the  tendency  of 
electricity  to  overcome  resistance ;  (2)  the  strain  put  upon  the  circuit  by  the  electro- 
motive force;  (8)  the  difference  of  potential  of  any  two  points  Joined  by  a  conductor. 

Tetcuiisation.  The  production  of  a  tetanic  or  contracted  state  in  a  nerve  by  passing 
an  electric  current  through  it. 

Tharmo-Eleotrioity.  Electricity  that  is  generated  when  two  metals  are  soldered 
together  so  as  to  form  a  closed  circuit,  and  one  of  the  junctions  it  heated  more  than 
the  other. 

To  BJid  fro  Current.    Faradic  Current 

Torpedo.    The  electric  ray,  a  species  of  fish  found  in  the  Mediterranean. 

Tray  CelL    One  form  of  gravity  cell  which  is  named  i^om  its  shape. 

Trembler.    The  vibrator  or  rheotome. 

Two-Fluid  CelL    A  cell  in  which  a  different  fluid  is  used  with  each  element 

XTNIPOSM  CTJBBENT.  A  current  that  is  kept  at  the  same  strength  during  the  appli- 
cation.   (B  &  R.) 

Unipolar  Applioation.    See  Polar  Method. 

Uninterrupted  Current.    The  galvanic  current 

Units,  Absolute.  They  are  based  upon  units  of  mass  (gramme),  len^h  (meter),  and 
time  (second). 

Unit  of  Current.  An  ampere.  It  is  the  current  through  a  circuit  with  electro-motive 
force  of  one  volt,  resistance  one  ohm. 

Unit  of  Eleotro-MotiTe  Force.  One  volt  represented  by  the  current  from  one 
Daniells  cell. 

Unit  of  Beslstance.    The  ohm. 

Unpolarizable  Electrodes.  Those  made  of  pure  amalgamated  zinc  or  zinc  that  has 
been  immersed  in  a  syrupy  solution  of  sulphate  of  zinc.  Used  in  delicate  physiological 
experiments. 

Unpolarized.    Not  possessing  polarity. 

Upward  Current.  Term  applied  to  the  current  when  it  pasKCs  from  the  branches 
toward  the  trunk  or  root  of  a  nerve.  The  negative  pole  is  placed  on  the  trunk,  the  posi- 
tive on  the  branches. 

VITBEOnS  ELECTBICIT7.    Electricity  excited  by  friction  of  glass. 

Volt.    The  unit  of  electro-motive  force. 

Voltameter.  An  apparatus  for  measuring  the  strength  of  a  galvanic  current  by  decom- 
posing water. 

Voltaic  AltematiTes.  Galvanism  acts  as  a  stimulus  to  nerves  and  muscles  most  ener- 
getically  when  the  circuit  is  frequently  opened  and  closed.  When  a  pole  changer  is 
Introduced  into  the  circuit  so  as  to  not  only  break  the  circuit,  but  change  the  direction 
of  the  current  at  every  break,  the  method  has  been  named  voUaic  altemoLvfs.  This 
revorRfll  is  a  much  more  powerful  stimulant  than  simple  interruption  of  current. 

Voltaic  Pile.  The  compound  galvanic  circle  invented  by  Volta  in  1800.  Described  in 
text 

Weber.    The  name  formerly  given  to  the  standard  unit  of  electrical  current,  sometimes 

incorrectly  written  "Veber."   Qe^Amph-e, 
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^HERE  is  no  branch  of  science  which  received  earlier  attention 
or  has  been  the  subject  of  more  persistent  research  than  Elec- 
tricity in  its  various  forms.  To  those  whose  attention  has  not 
been  called  to  the  subject  specially,  it  is  a  matter  of  surprise 
that  so  much  has  been  accomplished  in  the  various  departments 
of  this  science  without  its  having  sooner  obtained  a  recognized 
place  in  the  armentarium  of  the  medical  profession.  It  may  not 
be  out  of  place  to  give  a  brief  resume  of  its  history,  and  the 
various  practical  applications  made  of  it  in  the  past,  before 
undertaking  to  show  the  position  it  at  present  occupies  and  its 
promises  for  the  future. 

It  was  fully  six  centuries  before  the  Christian  era  that  Thales, 
one  of  the  seven  sages  of  Greece,  discovered  that  amber,  when 
rubbed  with  a  dry  cloth,  developed  a  peculiar  force  capable  of 
attracting  light  bodies  such  as  chaff,  bits  of  paper,  pith,  etc., 
and  in  consequence  he  believed  it  to  be  possessed  of  a  soul 
which  was  nourished  by  the  attracted  objects. 

The  luminous  appearance  attending  friction  of  certain  sub- 
stances was  noticed  by  Roman  historians.  They  also  record 
the  appearance  of  flame,  on  various  occasions,  at  the  points 
of  soldiers'  javelins,  and  on  the  top  of  ships'  masts.  One 
ancient  philosopher  relates  of  himself  that,  when  changing  his 
clothing,  sudden  sparks  were  emitted  from  his  person,  and  at  the 
same  time  his  servant  received  slight  shocks  on  touching  him. 
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The  electric  fish,  of  the  Mediterranean,  were  known  to  have 
the  power  of  sendinpf  shocks  through  the  water  some  distance 
away,  of  sufficient  power  to  benumb  their  prey  and  to  disagree- 
ably affect  the  fishermen,  whose  spears  conveyed  the  shock  from 
the  water  to  their  hands. 

The  loadstone,  also  named  magnet,  from  Magnesia,  a  coun- 
try in  Thessaly,  where  it  was  first  noticed,  is  referred  to  in 
the  Talmud  under  a  Hebrew  name,  meaning  ''the  stone  that 
attracts."  Lucretius,  in  a  poem  written  sixty  years  before  the 
Christian  era,  mentions  the  jx)wer  of  a  loadstone  to  suspend  a 
series  of  rings  hanging  in  a  chain,  one  to  another.  These 
references  show  that  the  power  of  attraction  possessed  by  the 
magnet,  and  its  capability  of  communicating  this  property  to 
pieces  of  iron,  were  known  at  the  very  dawn  of  our  history. 
It  is  equally  certain  that  the  peculiar  property  which  causes  a 
magnet,  when  freely  suspended,  to  point  toward  the  poles  of  the 
earth,  was  not  only  known,  but  made  of  practical  use.  More 
than  one  thousand  years  before  our  era,  at  the  obscurely 
known  Epoch  of  Codrus,  and  the  return  of  the  Heraclidje  to 
the  Peloponnesus,  these  people  employed  magnetic  cars  on 
which  was  the  figure  of  a  man  whose  movable  outstretched 
arm,  always  pointing  to  the  smithy  guided  them  on  their  way 
across  the  vast  and  grassy  plains  of  Tartary.  During  the  third 
century  of  our  era,  at  least  seven  hundred  years  before  tlie 
introduction  of  the  compass  in  European  seas,  Chinese  vessels 
navigated  the  Indian  ocean  with  needles  pointing  to  the  south. 
The  magnetic  needle  was  brought  from  China  to  Italy  in 
1260,  and  one  traveler  asserts  that  he  saw  a  pilot  in  the  East 
Indies  direct  his  course  by  a  compass,  like  those  now  in  use, 
in  the  vear  1500. 

With  the  exception  of  the  application  of  the  loadstone  to 
the  use  of  the  mariner,  the  various  phenomena  of  electricity 
and    magnetism    awakened    only   vacant   wonder,    and,    while 
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many  centuries  rolled  away,  remained  but  barren  facts  on  the 
surface  of  human  knowledge. 

Gilbert,  physician  to  Qneen  Elizabeth,  in  the  year  1600 
wrote  a  book  in  which  he  gave  a  classified  account  of  all  tlie 
electrical  phenomena  known  to  his  time,  and  added  the  results 
of  his  personal  investigations.  He  first  gave  the  name  poles 
to  the  ends  of  the  magnet,  because  they  point  toward  the 
poles  of  the  earth.  He  also  gave  the  name  electricity  (from 
elektron^  amber)  to  the  force  developed  from  amber  by  friction. 

The  needle  does  not,  however,  point  directly  to  the  north 
and  south  poles  of  the  earth,  except  in  certain  localities  (for 
the  magnetic  and  geographical  poles  do  not  coincide),  neither 
does  it  preserve  an  undeviating  direction.  Since  its  use  ren- 
dered possible  voyages  of  discovery  by  land  and  by  sea,  and 
it  early  became  a  commercial  necessity  to  the  merchant  who 
traded  with  distant  people,  whether  across  the  trackless  water 
or  the  equally  trackless  desert,  the  fluctuations  to  which  it  is 
subject  seriously  impaired  its  value. 

The  observation  of  this  variation  or  declination  is  usuallv 
credited  to  Columbus,  who  is  stated  to  have  discovered  it  in 
September,  1492,  during  his  first  memorable  voyage  of  discov- 
ery; yet  one  Peter  Adziger,  in  a  Latin  letter  to  a  friend, 
written  in  1269,  describes  the  process  by  which  he  has  reckoned 
the  amount  of  the  variation  of  the  needle,  showing  that  this  sub- 
ject had  commanded  attention  long  before  the  period  generally 
named. 

The  commercial  necessity  for  some  method  of  accurately  com- 
puting the  variations  of  the  needle,  whereby  its  deviations 
could  be  corrected,  has  led  to  the  construction  of  costly  appa- 
ratus for  recording  its  changes.  Observations  upon  its  behavior 
have  been  carried  on  over  the  entire  globe  during  every  season 
and  under  all  conditions  of  stormy  or  clear  weather,  and  the 
phenomena  of  magnetism  (which  gives  to  the  needle  its  value) 
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have  been  classified  under  their  appropriate  laws,  and  these 
laws  arranged  to  form  a  systematic  whole  until  the  science  of 
magnetism  is  as  well  established  as  any  of  the  physical  sciences. 
The  earth  is  now  regarded  as  a  magnetic  mass,  acting  on 
a  magnetic  needle,  as  one  needle  acts  upon  another.  To  the 
variations  of  this  magnetic  influence  of  the  earth  is  due  in 
part  the  variations  of  the  needle.  The  result  of  various  ob- 
servations may  be  summed  up  as  follows: 

1.  There  is  a  daily  variatimi  which  consists  of  a  slight 
easterly  movement  of  the  north  end  of  the  needle  that  reaches 
its  maximum  about  7  a.m.  It  then  recedes  till  its  westerly 
maximum  is  readied,  about  1  p.m.  It  again  returns  easterly 
more  slowly,  reaching  its  maximum  about  10  p.m.  The  range 
of  variation  is  greater  during  the  day  than  during  the  night, 
which  is  believed  to  be  due  to  the  magnetic  influence  of  the  sun. 

2.  Tfiere  is  a  variation  of  the  earth'* 8  magnetism  accompany- 
ing the  change  of  seasons.  •  This  is  indicated  by  a  movement 
of  the  magnetic  pole  from  east  to  west.  During  the  months 
between  the  vernal  equinox  and  summer  solstice  the  needle  retro- 
grades to  the  east,  and  during  the  following  nine  months  its 
general  motion  is  to  the  west.  The  magnetic  influence  of  the 
earth  is  strongest  during  December,  January  and  February, 
when  it  is  nearest  the  sun,  and  least  during  Ma}',  June  and 
July,  when  it  is  farthest  from  the  sun. 

3.  Irregular  or  fitful  agitations  of  the  needle  were  first  ob- 
served in  1750,  by  Worgenthin,  and  later,  in  1806,  by  Hum- 
boldt,   who  gave  the   accompanying  phenomena  the  name   of 


a 


magnetic  storms 


s« 


4.  There  is  still  another  variation  of  the  magnetic  pole  of 
the  earth  for  which  no  theory  has  fully  accounted.  The  pole 
of  the  magnetic  needle  now  points  more  than  one  thousand  miles 
away  from  the  geographical  pole  of  the  earth.  The  needle 
pointed   due   north  in  1660  (in  London,  where  the  observation 


INTRODUCTION.  23 

was  made).  It  then  moved  westward  until  1818,  when  it  was 
directed  to  a  point  24°  27'  from  the  pole,  then  it  began  to  move 
back  again,  and  will  point  due  north  again  in  1976,  making  a 
complete  cycle  in  three  hundred  and  twenty  years. 

Self-recording  apparatus,  now  used  in  magnetic  observato- 
ries, give  daily  and  hourly  reports  of  all  magnetic  variations, 
and  when  sufficient  time  has  elapsed  to  secure  enough  observa- 
tions from  different  parts  of  the  world,  much  light  will  un- 
doubtedly be  thrown  on  the  cause  of  the  earth's  magnetism 
and  its  changes. 

The  earth,  atmosphere  and  clouds  form  a  Leyden  jar  on  an 
extensive  scale,  the  earth  and  clouds  representing  the  coatings  of 
the  jar,  and  the  air  fulfilling  the  part  of  the  glass  through 
which  the  electricity  passes  by  induction  or  discharge. 

It  is  found  that  in  fine  weather  the  atmosphere  is  almost 
invariably  charged  positively ;  before  rain  it  often  assumes  a 
negative  state.  The  rain  that  first  falls  is  usually  negative, 
although  the  atmosphere  before  and  after  the  fall  may  be  posi- 
tive. Fogs,  snow  and  hail,  if  unattended  by  rain,  are  nearly 
always  positively  charged.  Clouds  are  always  positive.  Elec- 
tricity, like  magnetism,  has  a  period  of  maximum  and  minimum 
intensity  during  the  day,  that  may  be  traced  to  the  influence  of 
the  sun,  and  another  during  the  night,  dependent  on  the  moon. 
There  is  also  a  yearly  variation,  dependent  upon  the  relative 
position  of  the  earth  and  sun,  atmospheric  electricity  having 
thirteen  times  as  great  intensity  when  the  earth  is  in  that  j)art  of 
its  orbit  nearest  the  sun,  as  when  it  has  receded  to  tliat  part  of 
its  orbit  most  remote  from  the  sun. 

There  are  also  irregular  or  fitful  disturbances  of  the  electrical 
conditions  of  the  atmosphere  accompanying  the  agitation  of  the 
needle  during  magnetic  storms.  "These  perturbations  manifest 
themselves  often  simultaneously  over  land  and  sea,  over  hun- 
dreds  and  thousands  of  miles,  or  ))ropagating  themselves  gradu- 
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allv,  in  a  short  space  of  time,  in  every  direction,  over  the  surface 
of  tlie  earth.  "^  At  these  times  occur  brilliant  displays  of  the  au- 
rora br^realis,  which  are  believed  to  be  neither  the  cause  nor  effect, 
but  simply  an  accompanying  phenomenon,  of  the  electrical  dis- 
turbances, and  due  to  the  same  cause. 

To  the  German  astronomer  Schwabe  is  due  the  honor  of 
recorrlintr  dailv  observations  durlno:  more  than  thirtv  years,  bv 
means  of  which  he  established  the  periodicity  of  these  phe- 
nomena. He  tinds  they  increase  in  number  and  frequency  during 
a  little  more  than  five  years,  then  decrease  for  the  same  period, 
occupying,  to  complete  a  cycle,  about  eleven  years.  He  also  dis- 
covered that  they  coincide  with  the  appearance  of  dark  spots  on 
the  sun ;  although,  from  any  evidence  yet  adduced,  no  one  can 
say  that  the  storms  are  caused  by  the  sun-spots,  or  that  the  sun- 
spots  are  caused  by  the  magnetic  storms.  Whether  the  sun  is 
the  source  of  electricity,  or  whether  the  magnetism  of  both  earth 
and  sun  is  derived  from  some  common  central  reservoir  of  this 
force,  still  remains  an  unsolved  problem. 

The  influence  of  terrestrial  magnetism  and  atmospheric  elec- 
tricity over  health  and  disease  is  a  subject  of  practical  interest  to 
every  physician.  That  electricity  is  at  all  times  present  in  the 
human  bodv,  and  that  under  certain  circumstances  it  becomes 
manifest  through  sparks  emitted  fix>m  the  person,  as  well  as  by 
other  means,  has  long  been  known  to  all  who  have  given  any 
attention  to  the  natural  sciences.  Cecil  relates  an  instance  of  a 
gentleman  whose  sensitiveness  to  atmospheric  electrical  condi- 
tions was  so  great  that  he  was  advised  to  insulate  himself  by 
wearing  silk  underclothing.  So  successful  was  this  measure  that 
he  declared,  ''it  made  life  another  thing." 

Dr.  Hosford,  of  Xew  Hampshire,  reportetl  in  1S37  the 
following,  which  is  interesting  as  describing  a  condition  due 
to  disturbed  electrical  conditions  of  the  human  body.  On 
Januarv  25  of  that  year,  daring  a  brilliant  display   of  aurora 
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borealis  (magnetic  storm),  a  cheerful,  intelligent  lady,  about 
thirty  years  of  age,  became  suddenly  and  uiiconsciously 
charged  with  electricity,  which  she  first  discovered  on 
attempting  to  pass  her  hand  over  her  brother's  face, 
when  all  the  family  were  astonished  to  see  a  display  of 
sparks  pass  from  her  fingers  to  his  face.  This  peculiar  con- 
dition continued  without  diminution  until  the  last  of  February, 
when  it  began  to  decline,  and  disappeared  permanently  in  May. 
During  its  continuance,  being  greatly  annoyed  by  disagreeable 
shocks  on  touching  any  conducting  substances, —  such  as  kitchen 
utensils,  needles,  springs  of  chairs, —  every  effort  was  made 
to  relieve  her,  but  neither  the  change  of  clothing  from  flannel 
and  silk  to  cotton,  nor  any  other  device,  gave  her  relief.  She 
was  not  conscious,  from  any  internal  sensations,  of  her  peculiar 
power,  but  sparks  continued  to  pass  from  her  fingers  at  the 
rate  of  three  or  four  per  minute  when  brought  near  a  conduc- 
tor, and  she  could  charge  others  when  insulated.  She  had  never 
been  confined  to  her  bed  by  a  day's  illness,  but  had  suffered 
for  some  months  during  the  previous  year  with  neuralgia, 
which  permanently  disappeared  with  the  return  of  her  normal 
electrical  condition  in  May. 

Dr.  C.  Woodman,  of  Paw  Paw,  Michigan,*  reports  the 
following  curious  case :  A  patient,  aged  twenty-seven  years, 
can  generate  light  through  the  medium  of  his  breath, 
assisted  by  manipulations  with  his  hands.  He  will  take 
anybody's  handkerchief  and  hold  it  to  his  mouth,  rub  it 
vigorously  with  his  hands  while  breathing  on  it,  and  immedi- 
ately it  bursts  into  flames  and  bums  until  consumed.  He  will 
strip,  and  rinse  out  his  mouth  thoroughly,  wash  his  hands, 
and  submit  to  the  most  rigid  examination  to  preclude  the  pos- 
sibility of  any  humbug,  and  then  by  his  breath,  blown  upon 
any  paper  or  cloth,  envelop  it  in  flame.     He  will,  when  out 

^  Medical  Neun.  [We  do  not  ^ouch  for  this.>-C.  M.  II.] 
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gnuning  and  without  matches,  desirous  of  a  fire,  lie  down 
after  collecting  dry  leaves,  and  by  breathing  on  them,  start 
the  fire,  and  then  coolly  take  off  his  wet  stockings  and  dry 
them.  It  is  impossible  to  persuade  him  to  do  it  more  than 
twice  a  day,  and  the  effort  is  attended  with  the  most  extreme 
exhaustion.  lie  will  sink  into  a  chair  after  doing  it,  and  on 
one  occasion,  after  he  had  a  newspaper  on  fire  as  narrated,  I 
placed  my  hand  on  his  head,  and  discovered  his  scalp  to  be 
violently  twitching,  as  if  under  intense  excitement.  He  will 
do  it  any  time,  no  matter  where  he  is,  under  any  circum- 
stances; and  Dr.  Woodman  has  repeatedly  known  of  his  sit- 
ting buck  from  the  dinneMable,  taking  a  swallow  of  water, 
and  by  blowing  on  his  napkin  at  once  set  it  on  fire.  He  says 
that  he  first  discovered  his  strange  ])Ower  by  inhaling  and 
exhaling  on  a  perfumed  handkerchief,  that  suddenly  burned 
while  in  his  hands. 

The  following  case  has  been  reported  by  Dr.  C.  A.  Leale :  * 
A  strong  man  was  able  to  light  the  gas  with  ease  after  a  few 
frictions  with  his  finger.  He  was  recommended  to  rub  his 
wife,  who  was  suffering  from  neurasthenia.  She  recovered, 
but  he  beramo  morose,  restless,  and  complained  of  a  disagree- 
able feeling  when  his  wife  touched  him.  He  finally  recovered, 
but  was  not  able  to  engage  in  his  former  business. 

There  are  oa'asionally  reports  through  the  newspapers  of 
the  eilect  of  magnetic  storms  upon  invalids,  and  nervous 
jKM>|)le,  faint ings,  HpasmH,  jMilpitations,  etc.,  having  occurred 
when  tlu»  HiihjectM  were  not  at  the  time  aware  that  there  were 
any  eKK'tri<Nil  disturhaiuvs.  Many  invalids  art*  enabled  to  foretell 
changes  in  tlu^  weather  by  the  aggnivation  or  amelioration  of 
their  disraH<»,  and  their  change  of  symptoms  will  be  found  to 
0(UTos]>ond  to  the  change  in  atmos])heric  electricity  from 
positive*   to    negative,   or    vice    versa,    which   immediately   pi^ 

^JourfHii  t\f  Strtvu*  ami  Mtntnl  iHfniitrit,  tH*!.  187(1. 
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cedes  or  follows  storms.  Tlie  daily  and  nightly  rise  and  fall 
of  tlie  grave  symptoms  attendant  upon  many  acute  diseases 
correspond  very  nearly  with  the  variations  in  teiTestrial  elec- 
tricity, and  are  recognized  as  occurring  with  such  regularity 
that  the  experienced  practitioner  can  often  readily  predict  the 
condition  of  the  patient  for  hours  in  advance. 

Certain  groups  of  diseases  are  influenced  by  the  seasons. 
The  greater  prevalence  of  lung  diseases  during  the  winter  months, 
and  of  bowel  complaints  during  the  summer,  cannot  be  fully 
explained  by  the  differences  in  temperature  and  diet ;  while  of 
the  epidemics,  small-pox  is  recognized  as  a  winter  disease,  and 
cholera  as  a  summer  disease,  although  no  feasible  theory  for 
this  has  hitherto  been  advanced,  so  far  as  known  to  the 
writer.  The  variation  in  atmospheric  pressure  undoubtedly 
exerts  considerable  influence  over  the  state  of  the  health  ;  but 
this  very  variation  of  pressure  would,  of  itself,  greatly  influence 
the  electrical  conditions  of  the  human  body. 

From  the  days  when  the  Greek  slave  of  Anthero  was  sub- 
jected to  the  shocks  of  the  torpedo,  or  electric  fish,  to  cure  him  of 
his  infirmity,  and  the  Grecian  women  and  children  wore  amber 
beads  under  the  belief  that  its  mysterious  soul  would  exert  a 
healing  influence  over  their  diseases,  mankind  has,  from  time 
to  time,  sought  in  electricity  a  "panacea  for  all  human  ills."  At 
times  its  champions  have  made  the  most  impossible  promises  for 
it,  which,  failing  to  be  fulfilled,  have  thrown  disfavor  upon  its 
power,  and  it  would  pass  into  obscurity,  forgotten  by  the  public, 
until  an  opportunity  presented  to  again  call  attention  to  it  as 
possessing  almost  miraculous  properties.  During  the  period  it 
has  been  undergoing  these  alternations  in  popular  favor,  a  few 
ardent  lovers  of  science  have  quietly  pursued  its  investigation 
with  such  a  wealth  of  reward  in  knowledge  of  its  properties  and 
its  possibilities,  that  it  has  been  recently  remarked  by  one  writer 
that  probably  ''the  age  of  discovery^   so  far  as  electricity  is 
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concerned.  Is  past,  and  we  have  actively  entered  upon  the 
age  of  the  practical  application  of  principles  long  ago  demon- 
•trated.'' 

The  discovery  of  the  Leyden  jar,  in  1746,  was  followed  by 
important  results  to  science.  The  following  year  the  present  of  a 
pair  to  the  Literary  Society  at  Philadelphia,  awakened  Franklin's 
attention  to  physical  science,  to  which  he  does  not  appear  to  have 
previously  given  any  special  attention,  but  he  now  took  up 
exf>eriments  with  avidity,  and  in  1749  made  the  discovery  of  the 
identity  of  lightning  and  electricity,  which,  although  long  sus- 
pected, had  never,  previously  to  his  celebrated  experiment  of 
drawing  lightning  from  a  cloud  with  a  kite  attached  to  a  hempen 
cord,  been  actually  demonstrated.  The  same  year  he  wrote  as 
follows  to  Mr.  Collinsen,  the  donor  of  the  jars : 

**  We  are  not  a  little  chagrined  that  we  have  hitherto  been  able  to 
produce  nothing  in  the  way  of  use  to  mankind,  and  the  hot  weather 
crjming  on,  when  electrical  experiments  are  not  so  agreeable,  it  is  proposed 
to  put  an  end  to  them  for  the  season  in  a  party  of  pleasure  on  the  banks  of 
the  Schuylkill.  Among  other  exp)eriments  which  we  shall  exhibit  for  our 
diversion,  will  be  the  firing  of  spirits  by  means  of  a  spark  sent  from  side  to 
side  through  the  river  without  any  other  conductor  than  the  water — an 
experiment  which  we  have  some  time  since  performed  to  the  amazement 
of  many.  A  turkey  is  to  be  killed  for  dinner  by  an  electrical  shock,  and 
roasted  by  the  "  electrical  jack  "  (a  little  moving  power  he  had  invented) 
before  a  fire  kindled  by  the  electrified  bottle,  when  the  health  of  all 
the  famous  electricians  of  England,  Holland,  France  and  Germany  is 
to  be  drank  in  " electrified  bumpers"  under  the  discharge  of  guns  by  the 
electrical  battery" 

In  1730  Dufaye  transmitted  electricity  along  a  cord  of  moist 
packthread  for  1300  feet.  In  1774  Le  Sage,  a  Frenchman  at 
Geneva,  transmitted  a  message  over  wires.  He  used  twenty- 
four,  one  for  each  letter  of  the  French  alphabet,  insulating  them 
in  glass  tubes  buried  in  the  earth.  These  wires  were  connected 
witli  an  electrical  machine  at  one  end,  and  electroscopes  at  the 
other,  their  divergence  marking  the  letters. 
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Three  years  afterward,  near  London,  a  current  was  passed 
through  wires  for  a  distance  of  two  miles,  the  wires  being  insu- 
lated by  and  supported  upon  logs  of  baked  wood.  But  one  dis- 
covery must  wait  upon  another,  and  it  was  not  imtil  the  discovery 
of  the  electro-magnet  that  transmission  of  messages  over  wires 
could  be  rendered  practical.  In  1840  Prof  B.  Silliman  took 
daguerreotypes  by  an  electric  light  obtained  from  a  zinc  and 
copper  battery  in  the  laboratory  of  Yale  College,  and  in  1854  an 
electric  light  was  used  in  Paris  durirg  four  months  to  enable 
eight  hundred  men  to  continue  the  work  of  excavation  of  a  hill 
that  had  to  be  removed  for  some  public  purpose. 

Nearly  all  these  earlier  investigators  made  numerous  experi- 
ments in  treating  disease  both  with  electricity  and  the  magnet 
Many  points  of  resemblance  between  the  nervous  force  and  elec- 
tricity were  noted,  which,  taken  together  with  the  evident  influence 
of  electrical  variations  over  disease  led  to  the  belief  that  nervous 
force  was  but  electricity  modified  to  adapt  it  to  the  animal  system. 
In  1848,  Matteuci,  who  had  devoted  much  time  to  this  subject, 
conclusively  proved  that  electricity  and  nervous  force  are  not 
identical,  but  bear  the  same  analogy  to  each  other  as  exists 
between  heat,  light  and  electricity.  In  addition  to  this,  it  has 
been  claimed  that  there  are  electrical  currents  generated  in  the 
muscles  and  secretory  organs,  the  result  of  the  chemical  changes 
going  on  within  the  tissues,  and  that  these  currents  may  be  modi- 
fied by  artificial  currents  from  without  the  body.  For  many 
years  the  influence  of  electricity  in  all  its  forms  over  the  tissues 
of  the  body  has  been  diligently  investigated,  and  the  application 
of  electricity  to  treatment  of  disease  is  now  claiming  the  attention 
of  the  medical  world  more  universally  than  at  any  previous 
period  of  its  history. 

It  is  to  be  reijretted  that  the  early  observers,  who,  with 
meager  materials  at  their  command  and  no  preceding  records 
to  guide  them,   made  those  brilliant  discoveries    which   now 
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form  the  bases  of  all  the  practical  electrical  inveDtions  that  so 
delight  and  astonish  the  public  of  the  present  day,  have  left  us 
no  fuller  account  of  their  experience  with  disease.  Frequent 
mention  is  made  by  them  of  remarkable  cures  of  nervous 
disorders,  paralysis,  epilepsy,  neuralgia  and  rheumatism.  Those 
disorders,  well  known  to  be  influenced  by  changes  in  external 
circumstances  of  weather,  season  and  climate,  seemed  to 
receive  the  most  benefit  These  reports  of  marvelous  cures 
are  not  confined  to  a  single  observer,  nor  any  one  land. 
Records  from  almost  every  country  on  the  globe,  and  from 
many  experimenters,  are  found  throughout  our  literature  of  the 
past  two  liundred  years,  confirming  the  valuable  properties 
possessed  by  electricity  as  a  remedial  agent,  but  in  regard  to  the 
particular  condition  of  the  patient  with  which  successes  or  failures 
occurred,  tlie  strength  of  current  used,  and  frequently  the  kind 
of  electricity  employed,  we  are  left  in  the  dark.  Its  use,  until 
very  recent  years,  has  been  entirely  empirical. 

The  large  class  of  neuroses,  including  hysteria,  epilepsy, 
paralytic,  neuralgic  and  spasmodic  affections  which  so  frequently 
baffle  us  when  other  therapeutic  agents  are  employed,  and  tax 
professional  skill  to  the  utmost,  should  invite  our  investigation 
to  this  field,  which,  the  experience  of  the  past  encourages  us  to 
believe,  offers  greater  inducements  to  the  original  investigator 
than  any  other  branch  of  our  art.  Since  the  specialist,  who  has 
used  galvanism  only,  reports  gratifying  success  in  the  same  class 
of  cases  as  those  who  employ  exclusively  either  franklinism  or 
faradism,  we  conclude  that  at  present  success  depends  more  upon 
the  care  with  which  the  details  of  treatment  are  carried  out  than 
upon  the  form  of  electricity  employed. 

There  is  reason  to  believe  that  the  time  is  not  far  distant 
when  the  differential  indications  for  selection  of  the  particular 
current  best  suited  to  various  diseased  conditions  shall  be 
clearly  defined,  and  to  Dr.  Bockwell  is  due  the  honor  of  first 
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directing  the  profession  in  our  own  country  to  this  path  of 
investigation.  We  need  a  series  of  carefiilly  recorded  obser- 
vations, no  less  accurate  and  extensive  than  those  which  estab- 
lished the  cycle  of  magnetic  storms,  to  determine  how  much 
diseases  are  actually  influenced  by  electrical  disturbances,  and 
what  relation  the  cycles  of  magnetic  and  electric  phenomena 
bear  to  the  appearance  of  epidemics.  We  also  need  full  and 
complete  clinical  reports  from  conservative  and  observant  prac- 
titioners before  a  satisfactory  knowledge  can  be  acquired  of 
the  true  place  electricity  should  occupy  in  our  arraentarium. 

Many  reports  of  cases  as  now  made  are  worthless,  in  not 
being  sufficiently  explicit.  In  reporting  cases  these  points 
should  be  distinctly  brought  out,  after  describing  the  diseased 
condition  in  the  usual  manner : 

1.  The  method  of  applying  the  current;  whether  general 
or  local,  labile  or  stabile,  continuous  or  interrupted. 

2.  The  kind  of  current  used. 

3.  The  direction  of  the  cun-ent  and  location  of  electrodes. 

4.  The  length  of  sitting. 

5.  The  number  of  sittings. 

6.  The  interval  between  sittings. 

7.  The  power  of  battery  current  employed.  Batteries  of 
different  makes,  and  of  the  same  make  under  varying  con- 
ditions, as  described  in  chapter  on  batteries,  differ  so  much  in 
the  force  of  current  sent  between  the  electrodes  that  it  is 
important  to  settle  upon  some  standard  of  comparison  for 
medical  batteries,  as  has  been  done  for  those  employed  in  the 
arts,  that  the  actual  current  strengtli  may  be  indicated  in 
reports  of  clinical  cases. 

Evaporation  and  condensation  of  vapor  are  constantly  set- 
ting free  vast  amounts  of  electricity,  which  cannot  but  exert 
an  influence  over  the  electrical  conditions  of  the  human  body. 
The  lightning  flashes  transform  oxygen  of  tlie  atmosphere  into 
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ozone,  which  purifies  noxious  vapors  and  destroys  poisonous 
exhalationa  There  is  some  ground  for  believing  that  the 
prevalence  of  certain  epidemics  may  bear  some  relation  to 
electrical  conditions  of  the  earth  and  air.  When  cholera  pre- 
vailed in  1849  with  great  fatality,  it  was  observed  that  in 
localities  in  England  where  the  pestilence  raged  most 
severely  the  magnetic  attraction  was  diminished  one  half. 

Dr.  Henry  Stone  has  proposed  a  novel  theory,  which  he 
terms  the  Electro-Galvanic  Theory  of  Yellow  Fever,  in  which 
he  attributes  the  presence  of  the  disease  as  an  epidemic  to 
disturbed  electrical  conditions.  Among  other  indications  point- 
ing to  this  origin,  he  cites  what  he  terms  the  popular  belief, 
that  telegrapli  operators,  other  things  being  equal,  are  especially 
liable  to  violence  of  attack.  Tliose  interested  in  learning  his 
views,  and  the  arguments  by  which  lie  supports  them,  will 
find  the  article  referred  to  in  the  New  Orleans  2[ed.  and  Surg. 
Journal^  July,  1881. 

G.  A.  Sprechor*  also  advances  the  theory  that  malarial 
diseases  depend  upon  the  same  cause.  He  cites  the  state- 
ment of  Audrand  that  during  the  great  cholera  epidemic  in 
Paris,  an  electrical  machine,  which  he  was  in  the  habit  of 
using,  gave,  during  April  and  May,  sparks  not  more  than  half 
as  long  as  those  which  it  usually  emitted.  During  June  4th, 
5th  and  6tli,  only  a  slight  crackling  could  be  obtained,  and  on 
the  7th  of  that  month  no  electrical  phenomena  could  be 
excited.  The  days  of  the  greatest  mortality  corresponded  with 
the  absence  of  electrical  manifestations,  and  the  rapid  abate- 
ment of  the  epidemic  coincided  with  a  return  of  electrical 
phenomena  in  the  atmosphere. 

Dr.  Sprechor  suggests  that  the  extension  of  our  telegraph 
and  railroad  systems  through  the  country  may  have  some  in- 
fluence  in  modifying   and   directing  malarial   troubles,  by  the 

*  Pacific  Med.  and  Surg.  Jour.,  Feb.  1883. 
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formation  of  extensive  conductors  of  electricity,  and  notes  the 
effect  these  have  upon  the  manifestation  of  electrical  phenomena 
by  the  fact,  which  he  asserts,  that  our  great  hurricanes  and 
tornadoes  follow  the  lines  of  railroads.  He  further  suggests 
that  an  explanation  of  the  fact  that  animals  and  negroes  are 
not  at  all,  or  very  little,  affected  by  malarial  disease  may  be 
found  in  the  fact  that  the  hairy  coat  of  the  one  and  the  dense 
oily  skin  of  the  other  are  a  more  or  less  perfect  means  of 
electrically  insulating  them. 

It  may  seem  chimerical  to  suggest  at  the  present  time  the 
possibility  that  at  some  ftiture  time  the  relation  of  epidemics  to 
electrical  disturbances,  and  dependence  upon  them,  may  become 
established,  and  that  some  method  can  be  devised  by  which  the 
electrical  currents  of  the  human  system  can  be  modified  so  as 
to  render  it  less  susceptible  to  contagious  influence,  and  thereby 
prove  as  efficient  a  protector  against  certain  of  our  most  fatal 
epidemics  as  vaccination  is  against  smallpox  or  antisepsis 
against  zymotic  poisons.  This  certainly  offers  a  most  attrac- 
tive field  for  study  and  experiment 


CHAPTER  I. 

MAGNEIISM. 

THE  THEOBY  CONCEBNINO  THE  NATUBE  OF  ELECTBICITY. 

Electbicity  is  now  very  generally  regarded  as  a  form  of 
motion  akin  to  light,  heat  and  sound,  which  pervades  the 
earth  itself,  all  objects  upon  its  surface,  the  atmosphere  sur^ 
rounding  it,  and  the  heavenly  bodies.  We  know  that  from 
electricity  we  can  obtain  heat  and  light,  while  from  heat,  and 
the  action  of  the  sun's  rays,  we  can  obtain  electricity,  but  al- 
though we  have  tolerably  correct  ideas  in  regard  to  the  char- 
acter of  motion  of  heat  and  light,  our  ideas  as  to  the  precise 
nature  of  the  change  which  motion  must  undergo  to  appear  as 
electricity,  are  still  very  defective. 

ACTIVE   AND   PASSIVE   ELECTBICriT. 

So  long  as  its  distribution  is  uniform  throughout  any  object, 
its  presence  cannot  be  detected ;  it  is  then  said  to  exist  in  a 
passive  or  hound  state^  or  in  a  state  of  equilibrium.  When 
the  electric  equilibrium  between  any  two  points  of  an  object, 
or  between  two  objects,  is  disturbed,  electricity  is  said  to  be 
free  or  unbound.  It  is  with  electricity  in  a  free  state  that  we 
have  to  do  in  its  application  to  electro-therapeutics. 

OBSOUBITY   OF   ELECTBICAL   LANGUAGE. 

Formerly  it  was  believed  to  consist  of  a  fluid  or  fluids, 
which  flowed  through  bodies  as  a  stream  of  water  flows  through 
its  channel,  and  many  of  the  terms  used  hj  the  earlier  writers 
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on  tho  HubjcK^t  aro  Htill  retained,  and  convej  an  incorrect  idea 
of  llio  iviil  initiiriJ  of  olo(jtricity.  At  the  meeting  of  the  clcctri- 
onl  (♦ongiH»HH  lit  PariH,  in  1S81,  a  revision  of  electrical  language 
WHM  H\igjLj:i«Hto(K  wliirli  Hhould  make  it  conform  to  tlie  present 
tluMU'ioH  (H>nt»orninf(  tlilH  forco.  Some  important  changes  were 
inmK\  ulthougli  much  lomains  to  be  done,  and  there  is  still 
Homo  tH»nl\ision,  ovon  in  tlio  works  of  recent  writers,  in  the  use 
%\t  *ormH.  For  Iho  (H>nvonien(*o  of  the  reader,  a  full  voc-iibulary 
%\\  olootrloal  tornw  in  arranged  on  jmgo  7,  to  whicli  reference 
i^houUl  \h>  tuado  whou  the  moaning  of  the  text  is  not  clear. 

rORMM   OK   KLKt^TKK^rrY. 

11\o  n\at\ifoHtatlons  of  oUH^trioity  may  bo  arranged  under 
tlu\HO\oad!* ;  1*  magnet io  ;  l\  static;  l\  dynamic.  Its  magnetic 
jviwjvrtio!*  Ui^  \AiNtinjr  \>rigiually  in  tho  loadstone  will  be  con- 
*J\U^i\hJ  \iU\lor  \\\\^  h\^^d  of  M^h/nrfiam.  Tho  phenomena  attend- 
i^\|Jt  '^t^^tio  oKvtrioity  f»ot  tW\^  by  tViv^tion  boK^ng  to  J^rtJtiilinhni. 
^^^v  oUvtvioitN,  uu^viu^^  an  a  ourr\M\t,  is  toruuHl  Dynamic 
l^v^uu^u"^  oUsinoitN  inobuUv'i  f»\ii-f>fN#cfm  and  /•»iai<AVwi 

M  V\^\KnsM. 

t'^^o  f^^  th.^l  iho  xvuih  i%  a  vast  nu'\gnot«  oxorting  magnetic 
li^A^^^^^v   x^xvv  i^l.    ^^b^si>   ujwn    its   surt<u\\    w:4s   5ong   since 

1,  ^>  i'>o  ^,>^';^^^u.  )v^\xvc  ^m'  tho  v\mh  whvh  ^lw$  :o  tbe 
i^w^>-^^  ^"^  ''^  jw  .,.«A^  )vA^;,sMiu^N  a',>/\  S;r  Wnu  ^^.^^;r*5\^n  holds 
iV  W.:^:  r  s*    '^>Hu  ',xvNv,Nxv,vx  .^  xvxo^^t^  NvVx>\\  whioh  ^^<^  Terms 
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relief  of  certain  disorders  of  mind  or  body.  Before  reviewing 
the  experiments  that  have  been  made  with  this  agent,  it  is 
necessary  to  define  the  properties  it  possesses  and  the  laws 
which  govern  its  manifestation. 

The  presence  of  magnetism  in  any  object  is  shown: 

1.  By  its  power  of  attracting  iron  filings,  needles,  etc. 

2.  By  attracting  or  repelling  other  magnets. 

3.  By  arranging  itself,  when  freely  suspended,  so  as  to 
point  toward  the  poles  of  the  earth. 

4.  By  its  power  to  impart  its  own  magnetic  properties  to 
iron  or  steel. 

NATUEAL   AND   ARTIFICIAL   MAGNETS. 

A  natural  magnet  consists  of  a  reddish  brown  or  gray  ore 
found  in  iron  mines  throughout  the  world. 

Artificial  magnets  are  those  in  which  the  peculiar  proper- 
ties of  magnetism  are  induced  artificially. 

Artificial  magnets  are  of  two  kinds :  1.  Temporary^  made 
of  soft  iron,  which  acquires  magnetism  readily,  but  loses  it  as 
readily  as  acquired.  2.  Permanent^  made  of  hardened  cast 
steel,  which  cannot  be  so  highly  magnetized  as  soft  iron. 

MAGNETIC    POLARIFY. 

When  a  small  magnetic  bar  or  needle  is  freely  suspended 
it  will  be  found  that  it  will  arrange  itself  so  that  one  end  will 
point  toward  the  north  pole  of  the  earth  ;  and  if  the  needle 
be  turned  in  any  other  direction,  as  soon  as  it  is  free  to 
move  it  will  return  to  its  original  position,  the  same  end 
always  pointing  in  a  northerly  direction. 

Manufacturers  mark  one  end  of  the  needle  in  various  ways 
to  distinguish  it ;  sometimes  by  i\  notch,  paint,  or  letters  N  or 
S.     It  is  important  to  know  which  end  of  the  magnet  is  pointing 


38  MAGKETISM. 

in  a  giren  direction  when  it  is  ased  as  a  compass-needle,  and 
also  when  it  is  used  in  making  or  testing  other  magnets. 

THE    MAGNETIC    POLES   OF   THE    EABTH. 

The  earth's  magnetic  poles  do  •  not  correspond  with  the 
geographical  poles.  They  are  located  at  points  in  the  northern 
and  southern  hemispheres,  where  the  magnetic  needle  becomes 
vertical  or  perpendicular  to  the  horizon  when  so  hung  that  it 
may  revolve  perpendicularly  to  the  ejirtli's  surface.  Midway 
between  these  ixjints  is  a  place  where  the  needle  stands  parallel 
with  the  horizon,  aud  when  passing  northward  from  this,  the 
north  end  of  the  needle  begins  to  dip  more  and  more  until  its 
pole  is  reached.  Passing  southward,  the  south  end  of  the 
needle  dips  in  tlie  same  way. 

ATTRACTION   AND   REPULSION. 

^  Wlien    a    magnet    is 

y^/^  ^^^^^-^^^      brought  near  a  magnetic 

"^        [§  n"  ^C^  needle,  or  a  small  mag- 

^"^^^^^^^^     net  that  is  free  to  move, 
Pig.  1.  it  will  be  found  that  the 

north  pole  of  one  magnet  repels  the  north  pole  of  the  other, 
and  the  south  pole  of  the  one  repels  the  south  pole  of  the 
other.  When,  however,  the  north  pole  of  the  first  magnet  is 
brought  near  the  south  pole  of  the  movable  magnet,  the  latter 
will  be  attracted  and  will  approach  nearer.  Fig.  1  represents 
a  large  magnet  witli  two  small  movable  magnets  at  each 
end.  The  latter  were  at  first  parallel,  but  the  attractive  power 
of  the  large  magnet  has  been  exerted  at  the  north  end  to  draw 
toward  itself  the  soutli  ends  of  the  small  magnets,  the  repulsive 
force  of  its  soutli  end  has  driven  off  the  south  ends  of  the 
small  parallel  magnets  near  it. 


'^' 


THE   LAW    OF   MAGNETIC    ATTKACTIOJf    AKD  EEPCI5I0N. 

Likepolei  repel,  unUke  poles  attract  each  other. 

The  power  of  attraction  is  not  equal  throughout  the  entire 
length  of  the  magnet.  Dip  a  magnet  in  iron  tilings,  and  it  will 
he  noticed  that  the  greatest  cluster  will  be  attracted  to  the  poles 
or  ends,  while  toward  the  middle  will  be  found  a  space  where 
none  adhere. 

LINES   OF   MAGNETIC    FOBCE. 

If  iron  filings  be  spread  on  a  stiff  sheet  of  paper  with  a  strong 
magnet  held  near  to  the  paper,  and  underneath  it,  when  the 
paper  is  slightly  jarred  the  tilings  will  arrange  themselves  in 
curved  lines,  as  shown  in  Fig.  2. 

These  curved  lines  are  called  Unea 
(/  mdgnetw   force,    and    the    space 
through  which  the  magnet  exercises 
ito    force  (the   space   covered  by  the 
curved     hnes)    Faraday    named     the 
Magnetic   Field, 
Fro  2. 
The  hnes  of  force  dimmish  in  number  and  length  the  further 
they  are  from  the  poles,  until  they  entirely  disappear,  as  repre- 
sented by  the  white  space  at  the  center  of  a.     The  line  across 
the  centtr  marks  the  neutral  point,  or  point  of  no  attraction. 


In  Y\g.  3  we  have  two  equal  magnets  brought  near,  but  not  in 
contact  with,  each  other.  I  re])res€nts  what  takes  place  when 
their  north  poles  are  adjacent.     The  particles,  repelled  by  one, 
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after  a  little  distance  fall  within  the  lines  of  repulsion  of  the 
other,  and  are  repelled  alike  by  both,  c  shows  the  same 
magnets  with  unlike  poles  adjacent.  Particles  repelled  by  N 
are  attracted  by  S,  and  vice  versa^  illustrating  why  like  poles 
repel  and  unlike  poles  attract  each  other. 

TRUE   Pt>LARITY   OF   THE   COMPASS  NEEDLE. 

Since  like  poles  repel  and  unlike  attract  each  other,  it  fol- 
lows that  if  two  magnets  be  freely  suspended  within  the  sphere 
of  their  attraction  (their  magnetic  field),  the  marked  end  of  one 
will  arnmgo  itself  parallel  to  the  opposite  or  unmarked  end  of 
the  other  magnet ;  therefore,  that  end  of  the  compass-needle  that 
points  towanl  the  north  nuignetic  pole  of  the  earth  must  be  in 
an  opposite  or  unlike  magnetic  state;  or,  in  other  words,  that 
end  of  the  neiHilo  jx>inting  north  possesses  south  m^ignetism,  and 
tliat  end  pi'^inting  south  }H>ssesses  north  magnetism. 

Si'kme  authors  call  the  magnetism  of  the  north  pole  of  the 
earth  hi^reaK  and  that  of  the  smith  pole  austral:  while  the 
magnetism  of  the  end  of  the  neeille  i>ointing  north  is  called 
austniL  and  its  opjx>site  end  ^>nii/. 

Unfortunately  there  is  no  unifonnity  in  the  marking  of 
magnets  among  manufacturt^rs.  In  England  and  Germany  the 
end  of  the  ueeille  that,  when  fnvly  susjH^nd^Hl,  jnnnts  toward 
the  north  is  marktnl  N,  while  in  Fnuuv  this  Siune  end  of  the 
neeiile  is  markiHl  S.  In  doionnining  the  {Hilarity  of  unmarked 
magnet$«  this  disorejvanoy  should  not  be  Kn^t  sight  of. 

KKFKVr   OF    OlVllUNO    A    MAOSKF, 

If  a  magnet  is  dividi\l,  sinw  thor^^  is  in  the  Knr  a  neutral 
point  wher^*  nv>  mjigtiotio  prv^^vrties  aiv  o\hilnti\L  it  might  be 
sup}xv>t\l  ::iai  vmo  half  wv^\iKl  oxUibii  oulv  Ih>i\\i;  and  the 
other  only  austral  uiagnousm,  but  suvli  is  uvU  the  fact ;   each 
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half  has  two  poles  exactly  like  the  original  magnet,  and  no 
division  can  be  made  so  small  but  that  the  resulting  portions 
will  exhibit  both  kinds  of  magnetism.  No  magnet  was  ever 
seen  that  had  hut  one  pole. 

MAGNETIC  INDUCTION. 

When  a  soft  piece  of  iron  is  brought  near  a  magnet  it 
immediately  assumes  the  magnetic  state.  This  influence  of  a 
magnet  operating  at  a  distance  is  called  magnetic  induction. 
It  is  through  induction  that  iron  filings,  tacks,  etc.,  are  at- 
tracted, and  that  magnetic  properties  are  transferred  from  one 
bar  to  another  when  charging  magnets. 


^^'  *•  Fio.  6. 

Arrangement  of  molecules  in  a  bar  Arrangement  of  molecules  in  a  magnet, 

that  exhibits  no  magnetic  attraction.        The  irregular  line  across  the  bar  marks  a  line 

of  fhu;ture  which  always  occurs  at  a  point 
which  sets  free  a  north  and  south  atom. 

Magnetizing  a  bar  of  iron  or  steel  consists  in  breaking  up 
the  magnetic  afl^ity  of  the  atoms  and  rearranging  them  so 
that  the  layer  at  each  end  is  left  without  a  mate. 

This  explanation  of  the  process  has  been  suggested : 

1.  Each  molecule  of  iron,  steel,  or  other  magnetic  sub- 
stance, is  a  separate  and  independent  magnet,  having  a  north 
and  a  south  pole  exactly  the  same  as  that  shown  by  a  steel 
bar  magnet 

2.  The  inherent  polarity  or  magnetism  of  each  molecule  is 
a  constant  quantity,  like  gravity,  and  can  neither  be  increased 
nor  destroyed,  but  may  be  rotated  by  magnetism  or  electricity 
so  that  the  entire  magnet  may  have  its  poles  reversed. 

3.  When  a  magnet  seems  to  have  lost  its  magnetism  there 
is  no  actual  loss,  but  the  molecules  have  arranged  themselves 
so  as  to  satisfy  their  mutual  attraction  by  the  shortest  path, 
forming  a  complete  closed  circuit  of  attraction. 
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4.  When  magnetic  properties  are  evident,  the  molecules  or 
thoir  pohir  atoms  have  all  rotated  in  a  given  direction,  and  we 
still  have  a  symmetrical  arrangement,  but  the  circuit  of  attrac- 
tion is  not  complete  except  through  an  external  armature 
Ci>nnecting  both  poles. 

%*>.  Permanent  magnets  are  tliose  in  which  the  atoms 
are  bound  together  with  such  rigidity  (as  in  tempered  steel) 
that  tliey  cannot  rotate.  Temporary  magnets  are  those  in 
which  the  atoms  (^as  in  soft  iron)  are  held  so  loosely  that 
ihev  can  readilv  rv>tate. 

tK  The  neutral  line  of  the  magneto  or  point  of  no  attraction, 
tv^und  at  a  little  distance  from  each  extremity,  does  not  indicate 
that  there  is  no  magnetism  at  that  point,  but  that  the  attrac- 
tiv*n  v^f  the  molecules  is  sjuistieii  by  a  short  circuit  of  attraction 
within  the  magnet  itself. 

MAaXKTlO   INDCCnOX  OR   ATTRACTIOX   AOBO^   RODIES. 

If  a  shxvt  of  glass^  woo^l  or  jxaj^er  be  placvil  between  a 
magtiec  anvi  irvxi  tHitiiT!;^  rhey  will  bt*  seiui  to  l>e  influenced  by 
the  midwrtrec.  and  will  arrange  thems<4ves  in  lines  as  if  in 
;Ktx£&I  vvawkt  w::a  it.  Ic  is  four.d  that  magnetic  force  acts 
3k*rv\?$  :i  v:te.niu:!i.  w:4:er*  ar:d  all  known  subsran\.vs^  except  acrcMS 
a  Etsecwcck  of  iroiu  or  other  magnetic  material. 

P.'SX   OF   MJlO>TSTS. 

Arrlicuil  ^ui^rxecs  Jtre  j??QenjuI y  in  tli^  *ortu  v>f  a  bar  or  V : 
6e  ^jLint^r  are  v-!il>i  ^xcr<*:sc«,v  ni^i^-ecs.      IxhU  fortns  u».aY  be 

A  ftrftpiK,  3iafc:!ieG  >vc->i;$c>>  ,^f  a  single  i>i^v  v-f  uiocaI.  A 
fyjmp*f*uul  3ia^ec  v.'oii:>i;5Cs  of  zjev^r^  siuiiCe  v.iagtt^c^  made 
of  uiii  pi-icve^  '-^f  ^^^^^  V^"^  ^*-^  '^^*  ^iivle  with  ta^ir  like 
pcleti^  x>g^c:itrr.  I:  one  i-uiK  is  iiinu^r  or  siuiuler  :h;in  txxe 
Ket.  ic  ^-^akecu^-  the  tindn;  ■H:aibuiiir*.cflL 
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A  magnetic  hattery  consists  of  several  compound  magnets 
of  the  same  shape  and  size  bound  together.  A  magnet  of  this 
kind  is  much  more  powerful  than  a  solid  one  of  the  same 
weight,  because  thin  plates  can  be  more  strongly  magnetized 
than  thick  ones. 

KEEPERS  OB  ARMATURES. 

When  a  magnet  is  not  in  use,  the  molecules  after  awhile 
will  commence  to  arrange  themselves,  as  in  Fig.  4,  and  it  will 
gradually  cease  to  exhibit  magnetic  properties.  To  preserve  a 
horseshoe  magnet,  its  two  poles  are  connected  by  a  piece  of 
soft  iron  called  an  armature  or  keeper.  Bar  magnets  must  be 
arranged  in  pairs,  with  unlike  poles  parallel,  and  connected  by 
a  keeper. 

TO  CHARGE   A   MAGNET. 

When  a  bar  of  slightly-tempered  steel  is  held  vertically  and 
struck  several  blows  with  a  wooden  mallet,  it  will  acquire 
magnetism,  and  will  attract  iron  filings,  or  deflect  a  magnetic 
needle,  the  same  as  a  natural  magnet  Magnetism  may  be 
communicated  from  one  bar  to  another  in  the  following  manner : 
lay  the  unmagnetized  bar  horizontally  north  and  south ;  place 
one  end  of  the  magnet  on  its  center  and  carefully  draw  it  to  the 
end  of  the  horizontal  bar ;  raise  it,  always  carrying  it  back  to 
its  starting  point  in  a  curve  through  the  air ;  repeat  several 
times,  then  pursue  the  same  course  with  the  other  half  of  the 
bar,  first  reversing  the  magnet.  The  latter  loses  none  of  its 
own  magnetism  by  the  operation,  and  the  polarity  of  the  new 
magnet  is  opposite  to  that  of  the  inducing  magnet. 

TO   PRESERVE   THE   POWER  OF   A  MAGNET. 

1.  When  laying  it  aside,  place  it  as  nearly  as  possible  in 
the  position  which  it  would  assume  if  freely  suspended,  so  as 
to  be  acted  upon  by  the  earth's  magnetism.     When  the  poles 
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nrti  kctpt  for  ii  loiii^  time  in  any  other  position  than  this,  unless 
niiuUt  nf  tlin  hiinloHt  Htool,  the  magnet  will  eventually  lose 
tlio  wholo  of  ilH  niiif^notic  ]X)wer. 

y.  Two  tnitf(iu)tH  rapidly  weaken  each  other,  if  placed  even  for 
II  nlioii  tlnid  with  Miinilar  poloH  opposite  to,  or  facing,  each  other. 

!l.  All  iHtti^h  iind  violent  treatment,  such  as  falls,  blows 
W'xwu  w  luunniiM',  Hrrutrhing  the  H\irfa(!e  with  sandpaper,  or  great 
himli  wtmknn  \\u>  pow(*r  of  a  magnet. 

I.  Noltlu«r  liorm«Mhoe  nor  bar  magnets  should  be  laid  aside 
wllliout  iin  iirmuturo.  They  are  improved  by  keeping  dry  iron 
tUlngH  lUHiiind  thu  |)oU«m. 

l.in'INO    IH>WKK  OK    MAGNETS. 

A\t^#i»/  mthjfiofn  do  not.  inonnwo  in  iH)wer  in  proportion  to 
\\\%Av  iuoii»«m»  In  hI«o,  Sir  Inuur  Nowton  is  said  to  have  worn 
u  lomi»t>Mu\  «ol  In  (I  rin^,  whirh  weighed  only  three  grains, 
\<^!  \\\\\\\\  \\\\  Hovon  lun\dnMl  and  forty-six  grains^  or  nearly 
iwo  Iwn^divd  (Mid  tlrty  tiiiioM  itn  own  weight.  One  brought 
t\>^iii  MoMHvw  tti  l.oiidoiu  tluit  woighinl  one  hundred  and 
1\N>^iH.\  !l\o  pound*,  ^HMild  Hup|HMi  only  alnnit  two  hundred 
^s^MOi\U  A  hoi«o*\ioo  uiiignot  Is  tlmn^  or  four  times  as  pow- 
^xirtd   rt»  rt   Uiv  iiu^iiiol       A    liorHx^shvH^   m^^rtn^t  wviglung  one 

\\  \\i\^  W\^\\  \\\\^\^v\\\\  \\us\  \\\w\\  A  m^^nun  Attracts  inc^n  a 
^\\»^xi\x^^\  if^k^^>«  \>\i\\'\\  \\\\^  h>Mi  in  twni  Attwv'^hu:  the  magnet. 
r^N^  ^^«Ui\>;  p^^w^^i  \^r  ♦!  iiwi|\iioi  ^>iM\  >v  j5T^\itv>  itKT^vus^  bj  add- 
m*i  ^u^  *^<^^'^  d*i\  *\\\M  \^w\\^^  \N|  \i>vn,  u*,>;i*  i^i^  t^r,;:;  :^  iv^ched. 
\\  >^\^^«v  ^M>s>^*  .M>*  rtd>l>^\  •m\\^i  0\\^  \sv,\^;  \s  T\NAs>h<vi*  ihev  will 
^iN<^\  ^^-^  r\\^  ■^>^\NMiM>*  *s\\\\  w\\\\\-y^  \\w  \\^\\\^  ^^;  t^v  ma^TKt  Id 
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1772  that  these  powers  were  due  to  electricity.  The  most 
eminent  anatomists  and  physiologists  have  devoted  much  time 
to  the  investigation  of  animal  magnetism  since  the  discovery 
that  shocks  from  these  fish  can  magnetize  needles  and  produce 
sparks. 

A  German  philosopher,  named  Father  Hehl,  appears  to 
have  been  the  first  to  write  on  the  subject  of  animal  magnet- 
ism. His  views  were  published  in  1774,  and  subsequently 
they  were  adopted  by  Frederick  Mesmer,  of  Suabia,  who  soon 
deviated  from  the  tenets  of  his  instructor,  and  in  1779  published 
what  he  termed  a  new  system  of  treating  disease,  to  which 
tlie  name  Mesmerism  has  been  given.  He  daimed  that  the 
magnet  was  not  directly  necessary  to  produce  the  effects  as- 
cribed to  it  by  Hehl,  but  that  one  human  being  acts  magneti- 
cally on  another,  on  concentrating  the  attention  and  making 
with  the  hands  certain  passes  over  the  body  of  the  person  to 
be  magnetized.  His  extravagant  pretensions  attracted  so  much 
attention,  that  the  King  of  France  appointed  a  committee, 
composed  of  members  of  the  Royal  Academy  of  Science,  with 
Benjamin  Franklin  at  its  head,  to  investigate  the  subject 
After  numerous  experiments,  they  decided  that  mesmerism  had 
nothing  to  do  with  magnetism,  and  it  soon  lost  its  popularity. 

THEBAPEUnCAL   PROPERTIES   OF   THE   MAGNET. 

The  ancients  ascribed  various  medical  properties  to  the 
loadstone.  Galen  ascribed  a  purgative  property  to  it,  and 
recommended  it  in  dropsies.  Paracelsus,  in  the  year  1603, 
recommended  it  in  the  treatment  of  epilepsy,  and  for  the  suc- 
ceeding two  hundred  years  it  was  extensively  employed  in  dis- 
ease. In  1760  amulets  were  employed,  consisting  of  pieces  of 
magnetized  metal  so  united  as  to  form  collars,  garters,  brace- 
lets, or  plates  adapted  to  various  parts  of  the  body.  It  was  some- 
times pulverized  and   mixed  with  plasters,  which  acquired  the 
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reputation  of  extracting  iron  and  other  metallic  substances 
fn>m  the  body.  The  chemists  of  those  early  times  were  not 
behind  their  brethren  of  the  present  day  in  extravagant  pre- 
tensions^ for  they  claimed  to  extract  an  oil  of  wonderful  efficacy 
fipom  tJio  loadstone,  which  possessed  all  its  properties  in  a  con- 
centratoii  form. 

lioivnt  observations  in  Paris  hospitals,  to  determine  the 
eflfivt  of  the  magnet  uj)on  patients,  showed  that  it  usually 
lessens  the  pulse,  although  sometimes  it  produces  no  effect 
upon  it  Hn>athing  is  not  modified,  but  patients  sometimes 
oomplaiu  of  tlm>bbing,  pricking  sensations  at  the  positive  pole. 

Motallo-therapy*  is  a  term  used  to  designate  the  employ- 
iwont  t>f  niotals,  externally  and  internally,  in  the  healing  of 
certain  disoasos  in  which  it  is  claimed  they  have  been  found 
tti>rvi('oal)lo.  It  inchulos  also  the  magnet  in  its  list  of  appliances. 
TluH  HuhjiuM  has  bwu  thonmghly  discussed  in  the  French  journals 
d«rii\g  the  liwt  Hvo  or  six  years,  and  Charcot  and  Vigoureaux 
having  nu^io  numor«>UH  experiinonts,  botli  pronounce  their  con- 
tidoutv  in  It  HM  a  valuabK^  ai^iuisition  to  medical  science.  The 
|H>pular  motion  that  nlooping  with  the  head  to  the  northward,  so 
tl\at  tho  IhhIv  will  bo  parullol  with  the  terrestrial  nuignetic  cuiv 
riMU^  \n  u«ot\\l  in  oortiiin  norvous  <H>mplaints,  has  long  been 
i\>^iuilod  \\n  a  hanuloHM  H\iporKtition;  hut  the  subject  in  this 
dav  ot*  onthuKliutIo  hivoHtl^Mtiou  of  all  questions  }H^rtaining  to 
oUvtrioal  wolonius  U  a^itlti  uttmotiug  attention,  and  we  quote 
(h>n\    1%'   /7o7r#fV.M»|   tho  iMlomt  in  rt^arvl  to  the  subject: 

M,  U    tv  ti.u'»|\OMHN   \mM«mi  hm  l^»Uo^v^»  U\  {\\%\  isUtor  v^f  Le*  M<mdm: 

*•  M    \      VluMlii    \\\^\U^   \\\    0»o    A'.Vm     /'^.;,^!^»J>^l^>«'  fv\r  l^^.  No.  7, 

%1ulv»  \^    '^t     '  In  \\\s'\\\  tlhM*.  lut  iiiM»hoN   «N^|HiMo  of  <»x<'rci$iu^  m  oon- 

tiuuouK  i^oM«M\   ou   n»»»   «»j>jw»»iOH   i»r  \\\\^   y\\\\\\yn   y^\m,%HA\   viinritig  with 

iho  jHVMt^M\  oi  \\\%s  h**H»t  '     r«»  mv  s\\\\\A  \\\\m  i\£\^w\  o\)$i^  And  is 
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other  than  terrestrial  magnetism.  That  an  all-pervading  force  should  be 
without  any  action  on  our  organism  when  we  see  it  influenced  by  the 
least  variation  of  light  and  heat,  is  surprising  enough  already.  But  it  is 
beyond  dispute  that  galvanic  currents  not  only  exercise  a  powerful  effect 
on  our  nervous  system,  but  that  electro-magnets  themselves  produce 
well  marked  effects  in  certain  nervous  affections.  The  experiments 
undertaken  at  Salpetri^re,  by  M.  Charcot,  leave  no  room  for  doubt  on 
this  point ;  and  there  must  be  some  foundation  for  the  practice  adopted 
by  the  Swedish  peasants,  who  cause  themselves  to  be  buried  for  several 
hours  so  as  to  lie  North  and  South  in  order  to  cure  neuralgia.' 

"  To  this  the  author  adds  the  note :  *  I  have  this  fjEict  from  M.  Nord- 
strom, Swedish  Consul  at  Alger.  It  is,  moreover,  sufficiently  proved  by 
physiological  experiments  that  a  very  close  relation  exists  between  the 
nervous  system  and  electricity,  of  which  magnetism  is  but  one  form.' 
In  another  note  the  author  quotes  the  following  experiment,  carried  out 
by  M.  Zi^gler,  of  which  M.  Vogt  was  a  witness:  'M.  Zi^gler  takes  a 
lens  of  soft  iron,  he  exposes  it  in  a  place  where  it  will  receive  the  lines 
of  terrestrial  magnetism  and  redirect  them  on  to  the  organ  to  be  studied. 
By  thus  projecting  the  magnetic  lines  concentrated  in  this  manner  on 
the  heart  of  a  rabbit,  the  rhythm  of  the  heart  is  changed ;  if  the  lines 
are  concentrated  on  the  intestines,  violent  peristaltic  movements  {phis- 
taUiques)  are  caused  {Journal  Officiel,  May  18,  1881).  The  preceding  facts 
will,  perhaps,  appear  to  you,  Monsieur  TAbb^,  to  add  some  degree  of 
probability  to  the  theory  put  forward  by  The  Electrician  of  London.' " 

Dr.  Hammond  has  reported  some  experiments  in  the  use 
of  the  magnet  that  will  be  referred  to  elsewhere.  In  the 
present  state  of  our  knowledge  of  this  subject  the  use  of  the 
magnet  in  the  treatment  of  disease  must  be  wholly  empirical, 
and  is  only  resorted  to  in  isolated  cases  by  way  of  experiment, 
when  other  forms  of  electricity  have  failed  to  produce  a  bene- 
ficial efiTect 


CHAPTER  IL 

FRANKLINISM. 

Frictional  or  static  electricity  when  applied  to  medical  pur- 
poses is  known  as  FranJdiniam^  in  honor  of  Benjamin  Frank- 
lin, whose  investigations  marked  an  era  in  electrical  science, 
and  who  was  the  first  in  this  country  to  apply  it  to  the  treat- 
ment of  disease.  The  presence  of  frictional  electricity  is  mani- 
fested by  the  following  effects : 

1.  Luminous^  as  when  lightning  flashes  through  the  sky. 

2.  Mechanical^  as  when  lightning  strikes  an  object,  rending 
and  destroying  it. 

3.  Calorific^  when  the  object  struck  is  at  the  same  time 
set  on  fire. 

4.  Chemical^  as  shown  by  its  power  to  convert  oxygen 
into  ozone.  The  change  in  the  atmosphere  after  a  thunderstorm 
is  due  to  the  development  of  ozone  on  a  large  scale  by  the 
lightning.  Milk  is  soured  during  a  thunderstorm  by  the 
chemical  action  of  lightning. 

5.  Magnetic,  When  masses  of  metal  receive  a  lightning 
stroke  and  afterward  exhibit  magnetic  properties. 

6.  Phys^lological^  as  when  a  person  has  survived  a  stroke 
to  remain  paralyzed  from  the  tremendous  shock  to  the  nerves ; 
or  as  in  those  rare  instances  where  sight  or  hearing  has  been 
suddenly  restored  by  the  same  means. 

ATTRACTION   AND    REPULSION. 

Previous  to  the  investigations  of  Gilbert,  in  1600,  jet  was 
the  only  substance  known  to  possess  the  same  peculiar  power 

(48) 
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of  attraction  and  repulsion  first  discovered  in  amber.  Subse- 
quent observers  have  established  the  fact  that  under  certain 
conditions,  all  substances  exhibit,  to  a  greater  or  less  degree, 
the  same  properties. 

Fig.  6  illustrates  these  phenomena. 
A  glass  rod,  G,  having  been  excited 
by  rubbing  with  a  silk  handkerchief, 
is  brought  near  two  straws,  a  J, 
suspended  by  fibers  of  silk  thread. 
S  ^^^^fe  They  are  attracted  by  the  glass  for 

JtC^  ^  instant  and   then  repelled,    not 

^®-  *•  only  by  the  glass,  but  by  each  other, 

in  the  direction  marked  by  the  dotted  lines  +  +.  Again,  rub 
a  stick  of  sealing-wax  or  shellac  with  flannel  and  bring  it 
near  the  straws :  they  will  behave  as  before.  If,  however,  the 
wax  be  presented  to  them  while  repelled  by  glass,  they  will 
be  instantly  attracted  by  the  wax.  If  an  excited  rod  of  glass 
be  brought  near  one  straw  and  another  of  wax  near  the  sec- 
ond straw,  while  being  respectively  repelled  from  the  excited 
rods,  they  will  be  mutually  attracted ;  hence  the  law  of  elec- 
trical attraction : 

Bodies  dectrified  alike  repd^  tJvose  electrified  unlike  attract 
each  other. 

The  phenomena  of  attraction  and  repulsion  are  exhibited 
by  all  forms  of  electricity,  but  franklinic  electricity  excels 
them  all  in  exerting  this  influence  at  a  distance.  Its  force  varies 
inversely  as  the  square  of  the  distance  between  the  bodies, 
through  which  this  influence  is  exerted. 


POSrrrVE    and   negative   ELECTRICriY. 

The  form  of  electricity  developed  by  rubbing  glass  was  for- 
merly called  vitremis^  because  it  was  erroneously  supposed  that 
the  opposite  kind  could  not  be  produced  from  glass.     Tliat  kind 
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developed  from  resia  was  called  resinous  for  a  similar  reaaon. 
It  is  now  known  that  tlie  kind  of  eloctricitj  depends  not  alone 
upon  the  sabstance  rubbed,  but  also  upon  the  substance  with 
which  it  is  rubbed.  Hesinous  electricity  may  be  excited  in  glass 
by  friction  with  fur,  and  vitreous  from  resin,  when  rubbed  with 
amalgam  spread  on  leather.  Vlireoxts  electricity  is  now  called 
positive,  and  is  marked  with  the  sign  -f-,  while  resinous  electrici^ 
is  called  negative,  and  marked  with  the  sign  — .  Since  bodies 
in  a  like  electrical  state  repel,  and  those  unlike  attract,  it  is  easy 
to  determine  by  comparison  whether  an  electrified  body  is  posi- 
tive or  negative. 


This  is  an  instrument  for  detecting  minute 
quantities  of  static  electricity,  and  determining 
whether  a  given  charge  is  positive  or  negative. 
It  consists  of  two  strips  of  gold-leaf,  hung 
together  by  the  upper  ends  to  a  metal  rod. 
This  rod  passes  through  the  stopper  in  the  neck 
of  the  glass  bottle  within  whicli  the  gold-leaves 
hang.     The   up])er  end  of  the  rod   terminates 


PHENOMENA    OBSERVEI>   ON   ATTKMITrNO   Tl>   TEST   AN    ELECTEIFIED 

OBJ  Err. 

1.  Rub  a  glass  rod  briskly  and  bring  it  near  the  disc,  the 
gold-leaves  will  become  charged  with  the  same  kind  of  electricity, 
and  repel  each  other. 

2.  While  they  are  mutually  repelled,  touch  the  disc  with  the 
finger,  they  will  instantly  collapse. 

3.  Remove  the  finger,  and  then  the  glass  rod,  the  leaves 
will  separate  again  owing  to  their  being  similarly  electrified. 

4.  Now  bring  the  glass  rod  near,  they  collapse. 

5.  When  brought  nearer  still,  they  separate  again. 
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6.  Eemove  the  rod  a  little,  they  collapse. 

7.  Remove  it  further,  they  separate  again  and  remain  apart, 
showing  that  there  is  now  a  charge  in  the  electroscope. 

8.  Now  bring  near  the  disc  a  rod  of  sealing-wax  or  hard  rub- 
ber, electrified  by  rubbing,  the  leaves  fly  still  further  apart. 

9.  Take  the  rod  away,  and  they  resume  their  former  diver- 
gence. 

TO    TEST   AN   ELECTRIFIED   OBJECT. 

To  discover  which  kind  of  electricity  it  is  cliarged  with^ 
proceed  as  above  described,  except  8  and  9.  After  having 
secured  a  charge  in  the  electroscope  from  a  glass  rod,  bring 
the  object  to  be  examined  near  the  instrument.  If  it  is  charged 
with  negative  electricity,  the  gold-leaves  will  behave  as  when 
the  rod  of  sealing-wax  was  presented  to  the  disc ;  if  positive, 
it  will  not  disturb  the  gold-leaves. 

To  discover  if  cm  object  is  electrified  at  all.  Bring  it  near 
the  disc  when  the  electroscope  contains  no  charge,  and  the  leaves 
are  not  divergent.  If  the  object  is  electrified,  the  leaves 
instantly  fly  apart ;  if  it  is  not  electrified,  they  are  not  disturbed. 

EXPLANATION   OF   THE   PHENOMENA  OBSERVED. 

1.  At  first  the  plate  and  leaves  are  not  electrified,  and  the 
glass  rod  (being  +)  attracts  —  electricity  to  the  disc,  and  repels 
+  electricity  to  the  leaves,  and  they  repel  each  other. 

2.  The  hand  and  body  become  a  part  of  the  electroscope 
when  the  disc  is  touched,  and  the  +  electricity  repelled  by  the 
glass  passes  through  the  body  to  the  earth,  the  —  electricity  being 
retained  in  the  disc  chiefly  by  the  attraction  of  the  glass  rod. 

3.  Removal  of  finger  and  glass  rod  permits  the  —  electricity 
to  spread  over  disc  and  leaves,  and  the  latter  again  diverge. 

4.  The  glass  rod  brought  near  now  attracts  the  —  electricity 
to  the  disc ;  there  is  none  left  free  in  the  leaves,  and  they  collapse. 
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5.  The  glass  rod,  on  approaching  nearer,  sets  more  electricity 
free  in  the  dine  and  leaves,  and  the  same  process  is  began,  and 
continued  in  6th  and  7th,  as  took  place  at  first. 

8.  When  the  leaves  are  divergent  from  the  positive  charge 
produced  by  the  glass  rod,  if  a  rod  of  sealing-wax,  or  a  piece  of 
rubber  electrified  by  friction,  be  brought  near,  being  negative  it 
repels  the  —  electricity  from  the  disc  to  the  leaves,  and  they 
diverge  still  more. 

The  electriciil  condition  of  a  patient  after  receiving  a  charge 
may  be  determined  in  the  same  way,  provided  the  electroscope 
is  not  brought  near  enough  the  machine  to  be  influenced  by  the 
charge  escaping  from  its  surface. 

(M)NI)U(T(»RS   ANI>   NONMH)NDUCT()RS  OB  INSULATORS. 

Hodies  that  have  been  elec*trically  excited  return  to  a  neutral 
condition  after  a  time,  under  the  infiuencc  of  the  surrounding  air, 
but  they  may  be  made  to  do  so  instantly  if  touched  by  the  hand, 
a  m(»tal  wire,  etc.  A  rod  of  glass  or  sealing-wax  held  in  contact 
with  them  does  not  lessen  their  electrical  excitement.  Those 
ol)je('tH,  Hueh  as  the  hand,  metal  wire,  etc.,  which  readily  permit 
th<»  pasMiige  of  i»leetrieity  over  them,  are  called  conductors.  Olass, 
n»Hin,  and  o\\\vv  HulMtnnees  which  resist  the  passage  of  electricity, 
are  eallefl  noti-i'ntulurtnrH  or  Inaulotors.  Heat  lessens  the  con- 
ducting power  of  metals,  while  it  increases  that  of  most  other 
nubHlnnees. 

These  terms  are  n»lativ(»,  as  there  is  no  such  thing  as  perfect 
insiilators,  or  pert'ect  ecuuhietoi's.  The  ]>resence  of  moisture  de- 
posited bv  the  air  upon  its  surftvce  i\)nverts  the  best  insulator 
into  n  <M)n(hietor. 

DISCIIAKUK. 

When  iin  f)hie<M  is  n'storeti  t<»a  neutral  cimdition  by  the  touch 
of  11  (nnihi'-tor,   it   is  said  to  be  ill^^hnt^jiil,     Anv  excited  or 
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charged  body  may  be  discharged  by  connecting  it  witli  the 
ground  by  a  good  conductor,  or  by  passing  it  through  a  flame. 

INSULATION. 

A  body  is  said  to  be  insulated  when  it  is  supported  or  sur- 
rounded by  some  badly  conducting  substance  which  prevents  free 
escape  of  electricity ;  when  it  is  important  to  keep  electricity 
from  escaping,  supports  of  glass,  shellac  india-rubber  or  other 
non- conducting  substance,  are  used. 

ACCIDENTAL   INSULATION   OF  A   DWELLING-HOUSE. 

An  instance*  of  this  was  reported  some  years  ago  as  having 
occurred  in  New  York  city.  "A  new  house  was  so  thoroughly 
insulated  in  its  construction,  that  the  electricity  set  free  by  fric- 
tion of  carpets  and  furniture  by  the  inmates,  having  no  way  to 
escape,  accumulated  to  such  an  extent,  that  shocks  were  felt,  and, 
in  the  dark,  sparks  were  seen  proceeding  from  the  fingers,  on 
touching  the  door-handles  and  other  metallic  objects  in  the  house, 
and  even  when  shaking  hands.  A  ground  connection  being 
made  from  the  interior  of  the  house,  the  annoying  phenomena 
ceased."  A  similar  instance  was  reported  in  the  local  papers  as 
having  occurred  in  Iowa  last  year,  and  in  this  city  as  least  one 
instance  of  the  kind  has  come  to  our  knowledge  recently. 

Many  bodies  formerly  supposed  to  be  incapable  of  being  elec- 
trified are  found  such  good  conductors,  that  electricity  flows  away 
as  fast  as  excited,  and  when  they  are  properly  insulated  are  easily 
electrified. 

Glass,  when  Kept  dry  and  clean,  is  one  of  the  best  insulators 
for  practical  purposes;  and  if  coated  while  hot  with  shellac 
varnish,  deposits  of  moisture  on  its  surface  will  interfere  but  little 
with  its  insulating  power. 


*  Prof.  Loomlfl,  1850. 
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INDUCTION. 

A  body  may  bo  charged  with  electricity  without  touching  it, 
by  bringing  nour,  but  not  in  contact  with  it,  an  electrified  body. 
Tliis  is  ^fK^tt^fj/ihij  hi/  hidurtf4)n^  and  the  charge  received  will  be 
opjHVjdte  ti>  tliat  jH>88088od  by  the  inducing  body.  Newton  was 
tho  tlrsl  ti>  diacin'or  tluU  when  one  surface  of  a  plate  of  glass  is 
cbargtH]  wJUi  jK^tivo  oltH^trifity  by  friction,  a  negative  charge 
a)^)>i>ar9 1^  the  oppc^te  surtiux^  without  friction. 

iila^fe^  HmlH>K  WHX,  i^nUVmo,  and  other  non-condnctinf  or 
im^^\TiHyf  *uWliHK\>s  an^  lorniiHl  </#V/rtVr#V. 

iXWlU'lTlOW 

WWjx  a  KvIy  is  ohwvwi  with  oUnnricitv  bv  actual  contact 
wi^h  A^\  ^^'^frin^sl  KhIy  it  Js  o^UIihI  clumring  by  ixmJvctioB, 

i    ^>^^^  iU,t>.t\^K\t\  NiNH>*  \i>^  Uvik^        I,  The  s\>wvlx^.*ta^  bv\iy  k««t$  part 
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DISTBIBUnON  OF  ELECTEICITY. 

Electricity  may  exist  on  a  surface  as  a  cliarge,  or  flow  over 
it  as  a  current. 

The  charge  is  the  amount  of  electricity  produced,  excited  or 
set  free  in  any  body.  When  two  bodies  are  rubbed  together, 
the  one  whose  particles  are  most  easily  moved  by  friction 
becomes  negatively  electrified ;  the  harder  body,  po8itiA)dy 
electrified.  Two  plates  of  the  same  material  may  become 
oppositely  electrified  when  they  differ  in  temperature,  the  warm 
one  becoming  positive,  the  cold  one  negative.  A  charge  is 
not  spread  uniformly  over  a  surface ;  there  is  more  on  the 
edges  and  corners  than  on  flat  surfaces.  Good  conductors  allow 
electricity  to  move  freely  over  or  througli  them ;  and  if  a 
charge  be  given  to  one  part  it  instantly  spreads  over  the  whole 
surface.  A  charge  given  to  a  poor  conductor  takes  a  long 
time  to  distribute  itself,  and  in  many  instances  is  practically 
confined  to  the  part  that  received  it. 

When  a  charge  of  electricity  is  constantly  carried  off  and 
as  constantly  renewed,  it  constitutes  a  current, 

RESISTANCE. 

Resistance  is  the  converse  of  conduction.  It  may  be  defined 
as  that  quality  of  a  conductor  that  impedes  the  passage  of 
electricity. 

ELECTRO-MOTIVE    FORCE. 

Electro-motive  force  is  that  ])roperty  of  electricity  by  virtue  of 
which  electricity  is  enabled  to  overcome  resistance  and  manifest 
itself  at  different  points  along  a  conductor.  A  more  comprehen- 
sive term  would  be  Electro-motive  Difference  of  Potential, 

Potential  or  tension  may  be  briefly  explained  as  the  electric 
levelj  and  usually  refers  to  the  diiference  between  the  electric 
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(li8tril)utii)U  or  condition  of  any  object  and  that  of  the  earth. 
Wlion  I  ho  potential  of  the  object  is  above  that  of  the  earth, 
oKHMrioilv  tondw  to  osoapo  from  it  to  the  earth.  When  it  is 
<H*low  that  of  tho  iMirth,  oU^ctricity  passes  from  the  earth  to  the 
olytvt.  It  IH  ovidont  that  the  greater  the  surface  over  which 
oKvtrioity  i«  dithisod  tho  loss  its  potential  at  any  given  point. 

OlKKKUKNrK  OF  1»0TKNTIAL. 

Whot^  iu\v  two  t>l>jiH»t.H  ai\>  c*ompared,  the  diflFerence  in 
i^UviMo  K»vol  is  oiiUod  tlitfon^niv  of  {mtential ;  the  greater  this 
dilVoi^^Utv,  tho  jjriMitor  tho  oKvtnvniotive  force,  or  power  of  over- 
^N\uung  tho  i>i*?iiHiiuuv,  lu^twoon  thorn.  Whenever  a  difference 
x\l'  )v«^tontitd  o\i»tH  hotwoon  two  t>hjivt8  that  are  brought  within 
iho  >pho<>^  ot'  nuUual  iitfraotion  or  n^pulsion,  there  is  a  (en- 
do^^ox  \W  ohviivioitx  to  MH»k  \\\\  iH^uilibrium.  An  example  of 
oxt^v^^^o  d\lVo<>>iu^*  \\\  potonliid  may  Ih»  found  in  violent  thonder- 
M>Mn^N  \xl\o\\  \\\o  \H\v\\\  iiud  rhMtds  huvo  s*>  givAt  a  difference 
^\l' oUsiii^^iO  h^ol  \\us\  ohsMrioitx  oan  no  longi^r  pass  silently 
lvi\xxsM\  tht^^^^  %s\\  tho  t«vo!»,  ^piivs,  and  t^hor  natund  eondoo 
tsM»N  hu\  sUmt^  \\\  \\\\\x^\\  !*titsik!*  ov  ouonnous  italics  orer  miles 
^>f  MUii^*V  At   o\ov\   d\»oh«u^v 

I'lt,^  m^tt<»n>   )VMo*^nrtl   M  \\\\^  xvU^siTt  \s  nu>*R:Tv\i  l>y  the 
^^>>^^Mn\<  ^M  \x>»»l*  ^h\«\o  who^  rtlUNNxod  t\x  M^)v^>^t\^  v,:"jo<r  tho  inflii- 
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Density  is  the  amount  of  electricity  on  a  given  surface  at  any 
Tfiomffiii  while  quantity  is  the  total  amount  generated  by  the 
machine.  Density  is  the  same  on  all  points  of  a  ball,  but  on  a 
plate  it  is  greatest  at  the  edges,  and  on  a  pointed  conductor,  at  the 
points. 


AN  AOCIJMDLATOK. 

An  accumulator  is  an  apparatus  for  receiving  and  retaining 
laige  quantities  of  electricity. 

THE  LEYDBN  JAK  AliD  DISCHAKOEB. 

i\  \  ^^  The  Tjcyden  jar,  or  jar  of  Kleist,  used  with 
^^^  W^^rt  modem  electrical  machines  as  an  accumulator 
HBI       I  or  condenser,  was  invented  nearly  at  the  same 

DBI   /  date  both  at  Leyden  and  by  Kleist,  of  Cam- 

IHI*^  raiu.     Ae  usually  made,  it  consists  of  a  wide- 

l^n^  mouthed  glass  jar,  J,  with  a  coating  of  tinfoil 

^^9  pasted  inside  and  outside  to  within  three  or  four 

^°-  ^  inches  of  the  top.      The  mouth  is  closed  with 

a  wooden  stopper  through  which  passes  a  brass  rod,  R,  terminating 
two  or  three  inches  above  the  jar  in  the  ball  B.  To  the  lower  end 
of  the  rod  is  fastened  a  strip  of  foil  or  chain  which  extends  to  the 
bottom  of  the  jar.  The  tinfoil  coatings  are  two  conductors,  which 
are  insulated  from  each  other  by  the  glass  jar  upon  which  they 
are  fastened. 

If  the  outer  coating  be  connected  with  the  earth,  either  by 
holding  it  in  the'liand  or  attaching  it  to  a  metal  chain,  and  the 
brass  knob  be  brought  near  to  the  conductor  of  an  electrical  ma- 
chine, bright  sparks  will  pass  between  the  knob  and  the  con- 
doctor.  The  positive  electricity  conveyed  to  the  inside  of  the  jar 
acts  inductively,  through  tite  glass,  upon  the  outer  coating,  pro- 
dacing  a  negative  charge  in  it,  and  driving  off  its  positive  eleo- 
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tricity  through  the  hand  or  chain  to  the  ground.  It  is  more  cor- 
rect to  say  that  the  positive  and  negative  charges  are  on  the 
opposite  sides  of  the  glass  {dielectric)^  for  tlie  tinfoil  coatings  serve 
merely  as  conductors  to  distribute  and  carry  off  the  electricity. 

THE  DISCHARGER, 

The  one  shown  in  Fig.  8  consists  of  a  curved  brass  rod,  C, 
terminating  in  the  brass  balls  A  A.  The  handle  is  of  hard 
rubber.  To  use  it^  hold  the  lower  ball  near  the  outer  coating  of 
J  and  bring  the  upper  ball  near  B,  when  instantly  a  brilliant 
flash,  accompanied  by  a  sharp  report,  will  be  seen  to  pass  between 
the  knob  and  the  ball.  Tliis  restores  the  electrical  equilibrium 
or  discharges  the  jar.  If  the  fingers  are  brought  in  contact  with 
the  knob  and  the  outer  coating  at  the  same  instant,  a  sudden 
painful  jarring  sensation,  termed  an  electric  shock,  is  the  result. 

It  has  been  found  that  the  charge  moves  in  curves  when  the 
jar  is  discharged,  similar  to  the  lines  of  magnetic  force  shown  in 
Figs.  2  and  3. 

RESIDUAL  CHARGE. 

It*,  after  being  discharged,  the  jar  be  left  to  itself  a  few  minutes, 
it  will  be  found  to  have  again  acquired  a  small  charge.  Tliis  is 
called  the  residual  charge.  The  fii\sh  from  a  thunderKjloud  is 
exactly  analogous  to  the  discharge  from  a  Levden  jar.  The  cloud 
and  surface  of  the  earth  form  two  coatings  of  the  insulating  layer 
of  air  between  them,  while  a  tree  or  a  steeple,  or  other  projecting 
object,  acts  the  part  of  the  discharging  rod. 

FRACTURE  OF  JARS. 

A  Levden  jar  may  become  so  intensely  charged  that  the 
strain  occurring  at  the  instant  of  discharge  may  overcome  the 
cohesion  of  the  molecules  of  glass  imd  a  fracture  occur.  This 
is  more  likely  to  take  place  if  the  jar  is  very  clean  and  dry. 
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Various  measures  have  been  recommended  to  avoid  destruction 
of  the  glass,  which  does  not  very  frequently  occur  when  the 
manufacturer  is  careful  to  select  well  annealed  jars.  Breathing 
into  them  through  a  glass  tube  occasionally  will  keep  the  inner 
surface  suflBciently  moist.  Instead  of  this,  a  slip  of  writing- 
paper,  about  one  inch  broad,  may  be  pasted  on  the  inner  sur- 
face of  the  jar,  so  as  to  cover  the  uncoated  space  to  the  height 
of  half  an  inch  above  the  upper  edge  of  the  inner  coating. 
Tliis  is  believed  to  accomplish  the  purpose  by  extending  the 
charged  surface  through  the  medium  of  an  imperfect  conductor, 
and  thereby  diminishing  the  intensity  of  the  charge  at  that 
part  which  has  the  greatest  tendency  to  fracture. 

MODE  OF  DISCHARGE. 

Franklinic  electricity  has  immense  potential  or  power  of 
overcoming  resistance,  and  tends  to  escape  in  three  ways : 

1.  Conduction. 

2.  Disruptive  discharge. 

3.  Convection. 

When  electricity  is  drawn  silently  from  the  clouds  or 
machine  by  a  pointed  conductor,  it  is  an  example  of  a  dis- 
charge by  conduction.  When  lightning  produces  a  flash  of 
light  and  heat,  accompanied  by  sound,  or  a  jar  is  fractured  by 
an  electric  spark,  it  is  called  a  disruptive  discharge. 

The  glow  sometimes  seen  on  the  top  of  masts  and  light- 
ning conductors  during  a  thunderstorm  is  an  example  of  conr 
vection.  The  same  thing  may  be  seen  about  tlie  points  of  an 
electrical  machine  in  motion  in  a  dark  room ;  the  particles  of 
air  around  these  points  become  electrified,  and,  being  repelled, 
others  take  their  place,  forming  currents.  When  electricity  is 
discharged  by  convection  (through  pointed  electrodes)  upon  any 
part  of  the  body,  it  produces  the  sensation  of  a  wind  blowing 
ujwn  the  part — the  electrical  aura^  as  it  is  called. 
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THE   CONDENSES. 

T\\c  Jjoyden  jar  is  somerimes  called  a  condenser  because 
it  Nnis  tbrinorly  supposed  tliat  the  strong  electrical  effects  pro- 
ducinl  bv  it  won?  tluo  to  the  condensation  of  an  electric  fluid 
or  fluids.  Theiv  are  many  other  forms  of  condensers,  but  as 
thoy  havo  not  biHMi  employeil  for  medical  apparatus,  no  descrip- 
tion is  UiHHttHl  here, 

cAPAcmr. 

Tho  oajvjioity  of  a  condenser  is  measured  by  the  quantity 
of  oUvtrioity  of  unit  jK^tontial  which  it  can  contain,  or  it  is 
equal  to  the  ohjirge  divideii  by  the  potential. 

KUKIT^IUO   MACHINES. 

Tho  tirsi  inaohine  ivnstructeil  for  pnxlucing  frictional  eleo- 
trioily^  of  wluoh  wo  havo  any  roc\ml,  was  invented  by  Otto 
VK^u  iJ\ioriokt\  a  burgv>nuu<lor  of  M»urileburjr.  in  1672.  It  am- 
^stwl  of  a  4:lv4v  of  sulphur.  Si*i  on  a  \\iHxlen  axle,  turned  by 
«  handle  auv)  ruhlnyl  by  a  oloth  {uws^hhI  a^nst  it  by  the  hand. 
In  IT\M^  UawksKv  invonttH)  a  uxaohino  in  which  a  glass  cylinder 
ivpla^wl  tho  ^^lolv  of  sulphur 

Artor  tho  di?iKV\orv  v^f  tho  U\Ydou  jar  it  was  utilind  as  an 
*^vci\v,r,atvNr.  Vho  luaohvuo  wj^  v:ri>atly  impnn*t\i  from  time 
Iv^  thv,Ox  but  x^wiw^  tv^  vtji  uuxx^rtaiutv  \lurin|r  unfavorable  weather, 
ajui  :ho  j;:i\vAt  k\h^v  \\\jui\x\l  t\^  kwp  it  iti  orvlor  ax  all  times^  it 
w;*^  a>,v,xNSt  uv,\\o^>s'^;'>  \u>4iUstxsl  t\\r  u\auv  \A>ar^  atWr  the  di8> 
\vwr*x>s  of  i%hI\,v,v,  ,>^u\l  \\\tta  had  U\l  tv^  tho  \^^n:^^uct)an  of 
w:va:  ::s  iVx^Nx  k\^x^>u\  c^>  tl\o  ♦i^^U^ouo  Ivittx^rx.  Koynoid^  ot 
Khc-jCN^.  Ar^,hv;;v  I'^^-^wN^t  ausj  h\N  iv^ux^;  V\^xur\\Au\,  Thrived 
F?*:ii,,v,;N:v,x  V  xx :  ^  .  lUvU..  <^\>sl   Tv^jvor  s^dvUs;  rsVtx>cuii  by  their 
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^1 

tbere  seems  nothing  more  to  be  desired  in  an  apparatus  for              ^| 

administering    franklinic   electricity    except    portability, 

whidi        B 

has  not  yet  been  Batisfactorily  accomplisbed. 
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^H                                         THE  IMPROVED  tOpLEB  ELECTRJC   MACBINE. 
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^^"          Jf.    C»p«ritlirul)b«rliJ»ul«M)rlDlioldiipper©dgeo(Bfiniilyinplws--. 

A.    BerDlTluBplitBl'ilncliftQmB. 

Jf.    Axil  on  which   A  revolves.    11  li  attached  tu  [he  uptight  po«  Ihroogli  u 
tatbeconiecolplMeB. 
^^^      M*f.   Bniibe.»[l«hedtoplelaB  throughholemeultaedgB. 

lopeulag                   ^H 
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r  <C-  A'.    Tlnfbll  and  paper  Inductors  on  the  eurflice  of  plate  B  next  the  upright  poit  which 

NUpt>ortN  It.    The  tinfoil  inductors  are  represented  by  the  dark  shade,  and  the  paper 

iuduotom  by  the  light  shade. 
V  ti'  U.    ruliisulatod  combs  with  brushes  in  ft-ont  of  A  %  inch  ftom  iU  surfliee.    They 

are  screwed  to  a  brass  core  at  the  center  of  the  hard-rubber  disc  M. 
i)  A  C.    lA»ydt*n  Jars. 
P  A  H.    Hods  slidinK  through  the  knobs,  which  convey  electricity  to  the  internal  coating 

of  the  lA'tyden  Jars. 
L  i(*  A*.    luMulatiHl  comlw  connected  with  the  sliding  rods  P  and  R. 
H'  iC*  /.    Two  of  the  six  discs  or  carriers  attached  to  plate  A. 
^v.    The  switch    (V)r  obtaining  the   induced  current  fh>m  the  outside  coatings  of  the 

I.eydoii  Jam. 
(>.    AilJustlnK  screw  to  tighten  or  loosen  the  belt. 
The  arn>w  indicates  the  direction  the  drive*wheel  must  be  turned. 


CLAIMS   OF  THE   INVENTOR. 

Mr.  Atkinson^  lias  clearly  and  concisely  stated  his  claims 
for  the  sujK^riority  of  his  Improved  Topler  Electric  Machine 
ovtu*  unv  static  machine  in  the  market  at  the  present  time, 
and  the  jK>int8  oi  dittortmcH)  covered  by  his  patents,  as  follows : 

1,  The  out^ido  c^oatings  of  the  Leyden  jars  C  and  2),  are 
of  sluvt  brass,  nickel  platinl,  and  are  screwed  firmly  to  the 
basts  forming  cups  into  which  the  jars  fit  closely,  and  are 
thus  held  in  a  fixeii  ix>sition,  afionling  a  finn  support  to  the 
)>arts  iViuuvtiHl  with  them,  and  preventing  liability  to  accident 
or  injury  to  the  jars  or  plates. 

:?.  The  iuduc^nl  currt^nt  fn^n  those  outside  ci^tings  is  con- 
YVYt\l  vlown  by  the  bniss  scrt^ws  winch  attach  them,  and  along 
ivp^vr  wir^NS  uudcnu^iili,  to  the  terminals  of  the  switch  S, 
thr\n;irf\  wiiich,  when  cKvi^nU  it  jvasst^  tVi»m  one  jar  to  the 
v^tlior  ;  but  wlion  v^fvn,  as  in  the  cut,  it  jHisses  by  the  brass 
svx'U^is^  s^vn  on  the  i\l4^\  \vhiv*h  at\>  also  v\Min<vtt\i  with  the 
UTtuhialss  oui  !ii!\^Ui:h  il\o  vvuvUictiuir  ^x^nls,  jind  a  per^n,  or 
ochtT  obxvt,  vVv.iuviKxi  Nvuix  their  vuitor  o\trt*mitios.  As  this 
iwviuvxxl  v-urrv^^^:  rlv^ws  simultaiu^nislx  with  rlio  diiwt  current 
:t\>:ii  ::.o  iu^^vio  x\\^::i^;>n  lac  switch  auvl  sliding  rvsls  place  it 
vvrvjlc^clv  uiK^r  v\»v.:r\^  of    tlvc  v^jvrator,   viilur  tor  medicml 
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or  scientific  purposes.  With  the  switch  open,  a  slight  separa- 
tion of  the  electrodes,  P  and  R^  produces  a  smooth,  gentle 
current ;  this  may  be  increased  to  any  desired  strength,  a  sepa- 
ration of  one-half  inch  producing  a  current  too  severe  for  the 
strongest  nerves.  Geissler  tubes,  attached  to  the  cords,  show 
the  beautifiil  effects  of  the  interrupted  current  Also  the 
induced  spark  below,  simultaneous  with  the  direct  spark 
above,  is  shown  when  the  switch  is  open  about  one-half  inch, 
as  in  cut. 

3.  The  brush-holders,  E  and  F^  are  attached  to  the  plate 
B,f  through  holes  near  its  edge  ;  thus  giving  a  direct  passage 
to  the  electricity  from  the  carriers  on  tlie  plate  A^  where  it  is 
generated,  through  the  glass,  to  the  tinfoil  and  paper  induc- 
tors T  and  X,  By  passing  the  electric  charge  through  the 
glass  inside  its  edge^  an  insulating  margin  is  interposed  be- 
tween the  conductors  and  the  edge,  thus  preventing  loss  from 
leakage,  which  is  unavoidable  when  the  brush-holders  are 
attached  by  clamps  or  ears  on  the  edge. 

4.  The  carriers  on  the  plate  A  are  of  sheet  brass,  with 
raised  centers,  and  nickel  plated,  making  them  both  durable 
and  ornamental.  The  hard  nickel  surface  is  not  affected  by 
the  action  of  the  brushes,  or  the  electricity,  while  tinfoil  soon 
becomes  defaced;  and  the  carrier,  being  practically  one  piece, 
and  its  entire  surface  cemented  to  the  glass,  its  raised  center 
cannot  become  detached,  as  may  happen  when  the  center  is 
put  on  separately  over  a  tinfoil  base. 

5.  The  combs  V  and  K^  also  II  and  Z,  radiate  at  an  angle 
of  45  degrees  from  the  central  disc  Jf,  to  which  they  are 
attached  ;  so  that  any  possibility  of  error  in  regard  to  their 
position,  or  of  displacement,  is  practically  impossible. 

The  following  improvements  may  also  be  noticed  : 
The  base  is  made  of  two-inch  strips,  glued  together  length- 
ways,  and  heavy  cleats    screwed  on    underneath;    giving  all 
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the  advantages  of  iron  as  to  freedom  from  warping,  with  the 
insulation  and  elegant  iinish  of  the  wood. 

The  iron  casting,  on  which  the  driving-wheel  is  mounted, 
slides  in  grooves  on  an  iron  plate,  and  is  moved  by  the  ad- 
justing screw  0^  to  tighten  or  loosen  the  belt. 

The  hard-rubber  insulators,  which  support  the  plate  B^  have 
soft-rubber  packing,  to  ease  the  pressure  on  the  glass. 

The  I^»yden  jars,  C  and  2),  have  wooden  caps,  with  cork 
attached,  making  a  neat  ornamental  cap,  and  affording  a  firm 
support  to  the  brass  conducting  rods  which  support  the  sliding 
rods  P  and  li^  and  tlio  combs  K  and  Z. 

Tlie  machine  thus  described  has  only  two  plates,  but  four 
or  more  plates  may  be  used  if  desired.  Better  results  are 
obtained  by  incn*asing  the  size  rather  than  the  number  of  the 
plates.  Ma(*hine8  with  plates  sixteen  and  eighteen  inches  in 
diameter  res|HM»tively  are  very  efficient ;  plates  twenty-five  and 
twentyHMght  inches  in  diameter  give  great  energy.  The  smooth- 
ness of  the  induwd  current  increases  with  tlie  size  of  the  plates. 

The  volume  (^quantity)  of  the  spark  produced  by  the  discharge 
depends  directly  upon  the  size  of  the  Leyden  jars,  the  larger  the 
jar  the  thicker  the  H)>ark.  For  medical  use,  the  small  or  medinm 
BiKed  jars  an>  preferable. 

TIIKOKY    OF   rrs   ACTION. 


To  (H>mpn»hond  tlie  arti<>n  of  any  t^lectric  generator,  these 
essential  principles*  in  their  ci>nstruotion,  must  be  kept  dis- 
tinct I  v  in  mind. 

I.    71 »  f/f7if'Af^f»  f'/f\'^r#V#Vv  is  to  oreatt^  a  difference  in  electric 

»  » 

IH^tentiiil  or  loveK 

*J.  Tlh  fjffrirthy  ^if  if//  j/r*^i<*i>rA>r,<,  whethor  batteries,  dy- 
t\nmos  or  ^\\\hh  plnte  tnnchines,  do|vnds  on  the  diiTinrence  of 
fh^ff'iifi\ii  \\\\\\A\  onch  \H  able  to  ort'ate  and  maintain  within  Ae 
ap|mnu\m  itseiu 


FRANKLIKISM.  65 

3.  The  work  to  he  done  by  such  an  apparatus  is  the  restoror 
tion  of  equilibrium  through  an  exterior  circuit,  and  may  consist 
in  producing  heat,  light,  chemical,  mechanical  or  physiological 
action. 

PRINCIPLES   APPLIED. 

As  the  plate  A  revolves,  the  raised  centers  of  the  six  discs 
or  carriers  are  brought  into  contact  with  the  wire  brushes 
attached  to  the  holders  E  and  F^  each  opposite  pair  of  car- 
riers touching  opposite  brushes  successively  at  the  same  instant. 
The  friction  generates  electricity^  which  difluses  itself  over  the 
carriers  on  A  and  the  inductors  on  jB,  with  which  they  are 
at  the  instant  of  contact  in  electric  connection.  The  potential 
of  carrier  and  inductor  during  contact  will  be  the  same ;  at 
the  next  instant  the  carrier  passes  on  and  is  insulated  from  the 
inductor,  and  carrier  and  inductor  now  act  inductively  on  each 
other,  and  multiply  the  initial  charge  given  by  the  friction 
of  contact.  As  it  accumulates  it  spreads  over  the  paper  in- 
ductors ;  these  act  on  opposite  surfaces  of  the  glass  till  both 
surfaces  of  both  plates  become  charged,  the  initial  charge  being 
still  continued  by  the  constant  friction  of  carriers  and  brushes. 

The  question  now  arises  as  to  how  any  difference  of  poten- 
tial can  be  accounted  for,  since  both  sides  of  the  machine  are 
of  similar  construction,  and  the  mode  of  action  on  botli  sides 
is  apparently  the  same. 

It  will  be  noticed  that  the  position  of  the  plates  being 
vertical,  their  lower  halves  are  nearer  to  the  earth,  by  their 
semi-diameter,  than  the  upper  halves,  and  consequently  more 
under  the  influence  of  its  inductive  action  by  the  square  of 
that  distance.  (A  horizontal  or  any  other  position  would  not 
prevent  this  result ;  it  could  only  be  done  by  placing  them 
between  two  worlds  of  equal  size,  and  equally  distant  from 
both).  The  lower  halves  are  also  in  close  proximity  to  the 
Leyden  jars,  the  driving-wheel  and  the  belt,   and  are  subject 
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to  thoir  inductivo  influence :  the  plate  £  is  supported  on  ttoo 
hiuxi-rubbor  inHulntorn,  while  the  upper  half  has  but  one,  and 
hona^  has  tho  advantage  of  tlie  better  insulation  of  the  air. 

To  this  lower  half  of  By  and  subject  to  these  influences,  is 
attuduul  tho  bruwh-liolder  J*]  while  £^  is  attached  to  the  upper 
half,  and  nuuoto  from  thoin :  hence  the  carriers  brushed  by  ^ 
lUid  tiomvnding  toward  A,  must  acquire  a  higher  potential  than 
thoHo  hruHhod  by  F^  and  ascending  toward  K,  An  accumula- 
tion of  oloctricity  must  also  occur  at  the  lower  ends  of  the 
indurlors  7'  and  A\  tVom  the  inductive  influence  of  the  earth ; 
<uul  as  thu  brush-holdor  F  is  pliiced  at  the  lower  end  of  X,  it 
t\iruiHhoH  an  outlot  to  a  portion  of  this  charge,  as  seen  at  night 
by  tho  brushos  ot  light  from  this  holder  to  the  outside  of  the 
jiu'  (\  and  othor  parts  in  close  proximity. 

Tlu*  lowor  t»nd  o(  7\  on  tho  oi>ntrary,  is  well  insulated : 
UoutH*  tho  potontial  ol*  7' frtnu  tho  hoavior  ohai^  at  its  upper 
tMuK  <iud  tho  bottiM*  insulation  at  its  lowor  end,  must  be  much 
hi|j[hor  than  that  ot*  A\  whon^  tho  influences  are  just  the 
ivvorms  *rhlM  iMHnnnulation,  or  high  {x^sitive  potential,  at  the 
lowor  oi\d  ol*  '/*must  prtnhuv  a  high  negative  )x>tential  at  that 
point  on  tho  plato  ,1  and  its  oarrioi^  as  it  n'volves;  and  this 
ih  shoNNU  h\  tbo  brunh  ot'  light  umrking  the  flow  of  electricity 
on  to  tho  phUo  \\\\\\\  tho  \minsuhMiHl  wmb  //;  the  outflow  of 
iho  tMirr^'nt  toooivod  thro\igh  I'  t'ix^u)  the  op}HV>ite  side  and 
upper  halt  ot'  .1  Thin  hni»h  ot*  hght  extends  upwards  as  the 
eh<o>;^^  o\^  «^M»«ort  aUnot»l  (o  the  ox^nh  /,  showing  the  high  nega- 
U\e  ^^vnxhtu^n  ol  tho  ph^to  nnd  etorioi^s  atWr  having  pttted 
\^ah  then  oh^vtii^UN  thhM^ah  /  to  the  >-4r  !\  And  heiv  let 
\\  W  noted*  thtM  »^  lMn«h  ot  h>\ht  hetwwn  v\v,ub  and  plate 
wnH^UI  hi^xe  tho  .•♦ouo  n|»|u«iu>«*M\ e  \\het)\ev  iVa^  flow  wer^  fivim 
xNMwb  u^  ^^ho»«  o»  \\\^\\\  \\U\\v  to  » oH\tx  UeUxV  A  s;:r.r,Ar  brush 
owe^ul-  u}»\\'Md  \\>^\\\  (ho  »ou»h  .\  ,v*  ^)v  5\\s:v  a;v*  v-^urrierft 
d\^v\\d  %hii»ii\'d  i\om    *.,   *\\\\\  ji^\v«   o»\  ihe;\  eUvcrvitv  to  L 
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Following  any  opposite  pair  of  carriers,  as  W  and  Z,  we  find 
that  as  Z  passes  under  the  brush  I^j  W  passes  under  J^;  and 
as  Z  moves  on  to  the  insulated  comb  ^  TTat  the  same  instant 
arrives  at  Z:  but  W,  as  already  shown,  has  a  liigher  potential 
than  Z,  and  at  this  point  a  peculiar  adjustment  takes  place. 
W  gives  up  its  charge  through  the  comb  Z,  to  the  inside  of 
the  Leyden  jar  D.  This  creates  a  positive  charge  3n  the  inside 
of  Dy  which  induces  a  negative  charge  on  its  outside.  The 
electricity  thus  repelled  passes  to  the  outside  of  C,  making  it 
positive,  and  inducing  negative  on  its  inside ;  and  this  repelled 
electricity  flows  through  the  comb  K  to  the  carrier  Z.  Z  then 
passes  on  with  a  positive  charge  to  the  uninsulated  comb  V, 
while  Wf  having  become  negative,  as  previously  shown,  arrives 
at  JST.  Each  now  passes  under  the  wire  brush  attached  to  its 
respective  comb,  and  the  combs  being  attached  to  the  brass 
core  at  the  center  of  M,  the  carriers  are  put  in  electric  con- 
nection with  each  other,  and  their  potential  equalized  by  the 
flow  of  electricity  from  V  to  JST/  so  that  each  arrives  at  the 
original  position  of  the  other  at  the  same  potential,  ready  to 
repeat  the  same  process. 

The  combs  IT  and  Vf  L  and  H^  have  also  performed  the 
same  office  for  the  several  sections  of  the  plate  A^  as  it  has 
passed  them ;  so  that  the  section  from  T^  to  jF  is  now  at  the 
same  potential,  from  center  to  circumference,  as  the  section 
fix)m  Hto  F\  each  section  having,  like  the  carriers,  performed 
its  work  on  the  Leyden  jars. 

The  section  from  R  to  H  having  given  up  electricity,  has 
become  negative,  while  that  from  K  to  V  having  received  elec- 
tricity, has  become  positive. 

This  positive  potential  on  the  front  surface  of  A^  at  this 
point,  induces  negative  potential  on  its  corresponding  back 
surface ;  positive  on  the  front  of  B^  and  negative  on  the  back 
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unci  on  tlio  inductor  X.     In  the   same  way,   but  in  reverse 
ordor,  Hiiniliir  conditions  occur  on  the  opposite  side. 

It  will  thuH  be  seen,  that  while  the  brushes  F  and  E  act 
fVH  gt^norators,  the  brushes  Fand  JJact  as  dischargers;  and 
whilo  tho  (H)mbiJi  K  and  L  create  a  difference  of  potential  in 
tho  jars,  tho  (^oinhs  Fand  //,  like  their  brushes,  discharge,  and 
reatort^  iMluilibrium. 

Whon  tho  diiVon»nw  of  potential  between  the  inner  coatings 
of  tiio  jarn  btH*oinoa  Hufflcient  to  overcome  the  resistance  of  the 
air,  a  dinohaiijft*  lVt>m  the  inner  coating  of  2)  to  that  of  C 
takott  phuH^  tlm^u^li  the  sliding  electrodes  R  and  P;  and,  at 
tho  Muno  inHtunt«  a  dincharge  from  tlie  outer  coatings  takes 
plaw  tlmm^li  tlio  Hwitrli  and  oi^nnections,  from  C  to  D^  to 
n^t\u\^  tH)\uUhn\uu  In^twtHMi  tluMu,  and  thus  complete  the  ditniit. 

A  «*|Mirk  and  nnajv,  fr\Mn  tho  resistance  of  the  air,  accom- 
|^\itv^  tho  dirtohargt^  In^twtHMt  tho  iimor  coatings ;  and  the  same 
w\U  \Hvur  iH^twxvn  tho  outor  i\mtings  if  the  switch  is  open; 
but^  if  oKvmhK  tho  iHsH^har^*  tuki\^  plaiv  silently.  The  plates 
aiul  \^hor  i^^rt*  U^n^,  at  tho  san^o  instants  relieved  of  strain, 
ihtvro  \H  a  i>v>tomt\\^t\  \^f  tsjuiUhrium  in  tho  whole  machine. 

•n\o  aK^No  o\)xlanati\xt\  appUt\^  tv^  tho  niaohine  when  it  is  pot 
h\  \vjH^mtu^u  t^^^u^  a  Mato  ot'  alvn^luto  r^v^t ;  but  when  it  is  in  a 
hv^\  stat\^  x^t'  aotw  it\,  thoiv  t\\s)uotulY  \Hvurs  a  rov\^R!sd  i^  poleii- 
ti^l  at>ov  a  xhvha^>s\s  a*  ?*h\*\vn  bv  tho  n^wrj^J  of  the  braskes 
x>»f  V^^hi  (w^u^  t)>o  xNMulvA  l\\  avwniut  tvxr  thi^j^  h  must  be 
v\Ni»vJo^\sJx  ^^u  *^rt>^v  th\^  )^vimHr\  ^^,5«^*^.ar)^\  a  rv>^\iual  still 
*v^v.>v>*^A ;  tU,N  t\\vu^  u\us>\\al  uvx\xi;^\u\\  uv\\  K^  ^rrv«a:^r  oo  one 
5sisU^  ^Vs^^^  \^'v  s^\iu\^\  HUsi  Hrtv\  >v\^v^  \v$v\\\\  ?V:u  s:r;jurt  bv  the 


*».^ 


I^^Tt^  AS"     nVvvv;  ^v^«^x   <a>^sv,  \\aw>^   ^u  y^sN^N^.y  ^  u\V^.  %vi*uc 
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the  potential  at  that  point.  Special  conditions  may  also  exist  in 
certain  machines,  which  will  reverse  the  ordinary  mode  of  action ; 
as,  for  instance,  a  difference  of  thickness  on  opposite  sides  of  a 
glass  plate  ;  or  in  opposite  jars. 

The  condition  of  the  air,  as  to  its  insulation,  influences  the 
whole  operation  of  this  machine.  An  air  space  insulates  the 
plates,  and  also  the  jars,  with  their  rods  and  balls,  from  each 
other ;  and  as  a  damp  atmosphere  lessens  this  insulation,  it  will 
decrease  the  energy  of  the  machine  in  like  proportion.  A  film 
of  moisture,  settling  on  the  plates,  will  often  so  reduce  the  insu- 
lation, that  the  slight  initial  charge  by  the  action  of  the  brushes  is 
conducted  over  the  damp  surface  as  fast  as  it  is  generated  ;  so  that 
no  difference  of  potential,  and  consequently  no  charge,  can  occur. 
And  as  the  machine  is  much  more  sensitive  to  such  influences 
than  the  operator,  the  latter  is  often  puzzled  to  know  why  it  will 
not  generate.  The  simple  and  effectual  remedy  in  all  such  cases 
is  to  dry  it 

From  this  it  is  easy  to  see  why  a  Holtz  machine  is  so  much 
more  liable  to  stoppage  than  a  Topler;  as  the  Holtz  receives 
only  a  small  initial  charge,  which  is  then  discontinued,  while 
that  of  the  Topler  is  constant,  from  the  continuous  action  of  the 
carriers  and  brushes ;  so  that  a  well-constructed  Topler  is  per- 
fectly reliable  in  any  kind  of  weather. 

The  views  here  given  are  not  mere  theory,  or  hasty  deduc- 
tions from  imperfect  data.  They  are  the  result  of  constant, 
daily  experiment  and  observation,  for  several  years,  with  both 
Holtz  and  Topler  machines,  of  almost  every  conceivable  style, 
size  and  variety,  including  a  large  number  of  the  very  best 
machines  in  use. 

CARE    OF   THIS   MACHINE. 

It  should  be  kept  free  not  only  from  damp,  but  dust  and  dirt 
of  every  description.  Since  the  attractive  influence  of  electricity 
affects  the  floating  materials  in  the  air  surrounding  the  machine, 
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the  latter  should  be  inclosed. in  a  ease.  When  the  machine 
refuses  to  generate  electricity  because  of  the  atmosphere  being 
saturated  with  moisture,  wipe  the  glass  plates  dry  and  place  the 
machine  in  the  sunlight  for  a  few  minutes.  All  else  being  equal, 
tlie  static  machine  produces  its  best  results  in  a  room  with  a  south 
exposure.  If  sunlight  is  not  accessible  place  a  hot  flat-iron  or 
soapstone  in  the  case.  A  burning  lamp  may  also  be  used,  but  it 
is  not  as  good  as  dry  heat,  as  one  of  the  products  of  combustion 
is  water,  the  very  substance  whose  presence  in  the  air  caused  the 
machine  to  fail.  It  is  well  to  keep  the  plates  gently  revolving 
during  the  application  of  the  heat,  and  also  to  disconnect  the  con- 
ducting ix>rds.  If  a  stove  or  ojM>n  fire  is  the  source  of  heat  the 
eviges  of  the  phites  should  be  turned  toward  the  heat,  or  the  plates 
sliould  l>e  i\nistantly  rotateil  until  the  machine  is  removed  to  such 
a  distance  that  then*  is  no  danger  of  tlie  heat  breaking  the  plates. 
TIk*  amount  of  moisture  in  the  atmi^sphere  in  tiie  case  may  be 
revlm^Hl  to  the  minimum  by  keeping  a  piece  of  unslaked  lime  or 
$ome  fusinl  calcium  chloride  in  a  saui^r  in  tlie  case. 

J.  %T.  Hemnxer*  carritHl  out  with  great  j^erseverance  nearly 
five  hundnnl  exin^riments  i^n  men,  women  and  children,  horn 
which  ho  arrivinl  at  these  o^nolusions: 

1.  The  luuuau  UhIv  ulwavs  jnv^^esses  electricity — but  its 
stxvngtli  is  not  the  Siune  in  all ;  in  some  it  is  /n^^itiiYs  and  in 
some  n^.itttY. 

2.  Tlie  intensity  and  tmturi^  orton  varies  in  one  and  the  same 
pens<>u. 

8.  Tlie  natural  oKvtrioitv  of  the  KhIv  is  {Hv^tive,  for  this  is 
alwavs  it5>  chanioter  \vho»i  lhei\^  has  heeu  Uv^  \  iv^loi\t  exertion* 

4.  This  normal  {nvxiuxe  eKviriN-ivx  is*  chan^^wl  into  ne);;«uive 
bv  exjH.>sur\»  to  vn*M,  vM^  eUe  i>  4;^^^<ul\  outev  hU^l. 
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6.   The  same  change  occurs  from  over-exertion  or  lassitude. 

6.  The  natural  (electricity  is  also  changed  into  negative  by 
sudden,  rapid  and  violent  motion. 

7.  Prolonged  mental  exertion  increases  positive  electricity. 

8.  Positive  electricity  is  increased  in  winter  and  diminished 
in  summer,  ceasing  entirely  during  perspiration. 

9.  This  electricity  is  not  due  to  the  friction  of  the  clothing, 
since  it  was  still  observed  after  remaining  for  hours  on  an  insu- 
lating stool,  without  clothing. 

PHTSIOLOOICAL  AND  THERAPEUTICAL  EFFECTS  OF  FBANKLINISM. 

This  form  of  electricity  very  early  in  its  history  acquired  the 
reputation  of  quickening  the  circulation,  promoting  the  glandular 
secretions  and  insensible  perspiration.  The  first  authentic  cure 
by  means  of  the  electrical  machine  occurred  in  1744  in  the  prac- 
tice of  M.  Kratzenstein,  at  Halle.  He  succeeded  in  curing  a 
contracted  finger  in  one^uarter  of  an  hour.  Experiments  in 
treating  the  sick  were  carried  on  in  nearly  all  countries  simulta- 
neously. M.  Jallabert,  of  Geneva,  in  1747  had  acquired  a  repu- 
tation for  curing  a  great  variety  of  paralytics,  and  the  following 
year  published  a  treatise  on  the  ''Effects  of  electricity  upon  the 
living  body,"  in  which  he  stated  that  it  increases  the  circulation 
and  heat  Mauduyt  four  years  later  published  a  complete  work, 
^m  which  is  borrowed  the  bulk  of  the  literature  of  the  present 
day,  on  the  subject  of  the  therapeutical  applications  of  frank- 
linic  electricity. 

In  the  Philosophical  Transactions  f  we  find  the  first  record  of 
an  accident  happening  during  treatment  A  young  person  being 
electrified  for  paralysis  of  the  right  arm  was  seized  with  general 
paralysis,  which  was  removed  by  subsequent  medication,  but  the 
arm  remained  incurable. 


t  Vol.  48,  part  11,  p.  785. 
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Dr.  Franklin  describes  an  accident  which  occurred  to  himself 
whilo  triMiting  paralysis.  A  number  of  persons  joining  hands 
with  tlu»  patient  and  each  other,  he  sent  shocks  from  a  battery, 
cHwnjMisod  of  Huvoral  Leyden  jars,  through  the  circle. 

At  one  time,  inadvertently  stepping  backward  under  an  iron 
lu>ok  which  hung  down  from  the  ceiling  to  within  two  inches 
of  luM  hoad  an<l  communicating  by  a  wire  with  the  outside  of 
tho  jars,  on  attempting  to  discharge  them,  he  was  knocked 
senHolosH,  while  the  company  received  no  shock. 

Mr.  Singi«r  had  a  charge  passed  through  his  head  which 
gnvo  him  the  Honsation  of  a  violent  blow,  followed  by  transient 
loHH  of  momory  and  indistinctness  of  vision.  Mr.  Morgan  says 
that  if  a  ntrong  Hh(K*k  be  jmssed  through  the  diapliragm,  sudden 
(H)ntnu»llon  of  mtiMcloH  acts  so  violently  on  air  in  lungs  as  to  pro- 
duce a  rdiout ;  a  Htnall  charge  ]mHluces  a  violent  fit  of  laughter. 
I*or»nn»  nf  groat  norvous  sensibility  are  affected  more  readily 
tluui  othcrn.  A  Hnuill  charge  through  the  spine  instantly  de- 
prives llin  person,  for  a  moment^  of  muscular  power,  and  he 
gi^norally  falU  lo  Iho  ground.  If  the  charge  is  very  powerfnl 
Inndiht  death  tuMMirs.  Hodios  f>f  animals  killed  by  lightning 
undergo  rapid  putrt^faction.     The  bliHHl  does  not  coagulate. 

\h\  WatSfUi*  described  the  case  of  a  child  seven  years  old, 
who  iuid  siilletvd  \hn\\  univenMil  rigidity  of  the  muscles  since 
(ntUncv,  so  that  her  etUliv  IhhIv  foh  more  like  that  of  a  corpse 
\\u{\\  a  living  person,  lie  eUvtritunl  hor  at  frequent  intervab 
\\>\\\\  the  inldille  of  Novetuher,  I70i%  to  the  end  of  January, 
Kflll,  when  every  nuiscle  had  Ihhhmuo  tloxiblo  and  she  oould 
stand  loel  wiilk  like  other  ohiUlren  of  hor  agt\  Another  casef 
of  ver\  ^tiMit  contraction  and  rigidity  of  tho  stemomastoid 
nuiscle»  wii««  tMired  hv  spinks  iind  sh^vk?*  dinvtCii  to  the  affected 
mns«-le      t>)-    Wilnon  gnve   ehvtrioitv  a  trial  in  deafness;   he 
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cared  one  case  of  seventeea  years  standing,  but  failed  in  all 
other  trials.  Mr.  Wesley  employed  electricity  extensively  for 
the  benefit  of  his  followers  and  wrote  an  excellent  book  on 
this  subject.  He  regarded  it  as  almost  a  specific  for  obstinate 
headaches,  toothache,  sciatica,  cramp,  rigidities  and  wasting  of 
muscles,  although  he  acknowledges  that  he  failed  to  give  relief 
in  any  case  of  paralysis  of  over  one  year's  standing.  It  proved 
useM  in  inflammations  ;  dispersed  extravasated  blood  ;  hastened 
suppuration  in  obstinate  swellings,  or  dispersed  them  without 
suppuration.  His  method  of  application  was  simple  electrifi- 
cation, or  charging  the  patient  while  insulated  at  first  one-half 
hour  morning  and  night,  especially  in  hysterical  or  nervous 
disorders ;  this  was  followed  after  a  few  treatments  by  drawing 
sparks,  and  afterward  moderate  shocks.  Tertian  and  quartan 
ague  were  usually  completely  cured  by  giving  shocks  to  all 
parts  of  the  body. 

Dr.  Antonius  de  Haen*  states  that  trembling  of  the  limbs, 
chorea,  and  some  cases  of  deafness,  are  cured  by  electricity. 
Mr.  Hey,  surgeon  of  Leeds,  successfully  used  it  in  several 
cases  of  amaurosis.  He  applied  it  twice  daily ;  the  patient 
being  insulated,  spai-ks  were  drawn  from  the  eyes  and  around 
the  orbit,  and  especially  at  the  points  where  the  superciliary 
and  infrarorbital  branches  of  the  fifth  pair  of  nerves  divide. 
After  this  operation  had  continued  half  an  hour,  slight  shocks 
were  directed  to  the  affected  parts,  sometimes  across  the  head 
from  one  temple  to  the  other,  but  chiefly  from  the  superciliary 
and  infra-orbital  foramina  to  the  occiput.  Mr.  Ferguson  had 
excellent  success  in  rheumatism  by  drawing  sparks  from  the 
painful  parts  until  the  skin  was  red  and  pimpled ;  glowing 
warmth  succeeded  the  application.  Old  sprains  were  cured  the 
same  way.     In  1744  it  was  recommended,  as  an  aid  in  restor- 


«Dr.  Priestley,  History  of  Electricity,  toI.  1,  p.  485 
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ing  the  drowned,  to  pass  vigoroas  shocks  through  the  body, 
especittlly  through  the  heart  and  lungs.  This  procedure  formed 
one  of  the  measures  recommended  by  the  humane  society  of 
England.  The  method  recommended  for  curing  toothache  was 
to  connect  one  wire  with  the  inner  coating  of  the  Leyden  jar, 
another  with  the  outer  coating,  and  include  the  tooth  be- 
tween the  ends  of  these  wires. 

In  recounting  the  experiments,  successes  and  failures  in  the 
use  of  static  electricity,  we  must  not  omit  the  occurrences  in  our 
own  country. 

In  1758  Henj.  Franklin  relates  his  experience  as  follows: 
*  "Some  yours  since,  when  the  newspapers  mentioned  great  cures 
porfornuMl  in  Italy  and  (Germany  by  electricity,  a  number  of 
paralvtics  won^  brought  from  different  parts  of  Pennsylvania 
and  the  neighboring  pnivinces  to  be  electrified.  My  method  was 
to  place  the  ]>utiont  in  a  chair  on  an  insulated  stool  and  draw  a 
number  of  ntrong  nparks  from  all  parts  of  the  affected  limb  or 
hU\{\  n*]MMiting  the  triMitnieiit  three  times  a  day.  The  first  thing 
noticed  WHH  an  inunediate  increase  of  warmtli  in  the  parts 
iriMitiMl,  and  the  next  morning  the  {vatients  usually  stated  that 
ihoy  hiid  telt,  during  the  night,  a  ])ricking  sensation  in  the  flesh 
of  I  ho  paralylio  limbn.  Somotimes  a  number  of  small  red 
!t|H>lH  won>  olmorvod,  appanrntlv  oausoii  by  tlie  shocks.  Tlie 
limbic  noomotl  to  hiivo  moiv  nttvngth  ;  for  instance^  a  man  that 
oould  not  oil  tho  tlixi  diiv  lit>  his  lame  hand  from  his  knee 
oould  tho  noxt  dny  lit>  it  t\mr  or  tivo  inches,  the  next  day  a 
llttio  mow,  nnd  no  oiu  until  tho  tit>h  day  he  could  nsnally, 
with  a  IimOiIo,  Innirnid  motion,  tnko  olV  his  hat,  Franklin  never 
i>bnorviMl  ^\\^\  f»luingf»  nt^or  this,  luul  sugj^ests  tliat  the  joomej, 
oxoitoinnnt.  oto,  might  hnvo  dono  as  much.  The  cases  usually 
ri'liipiiod  nOiM' II  ithitH  tln\o,  idthtntgh  ho  adds,  it  is  possible  that 

•  run  itnH-  M»i  \,  \M\\\  ■».  |i  \n\ 
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if  they  had  been  in  charge  of  a  medical  man,  who  would  have 
directed  proper  medicines  and  diet,  much  more  would  have 
been  accomplished." 

Brydone,*  in  a  letter  to  Dr.  Whytt,  a  professor  in  Edin- 
burgh University,  relates,  among  other  cases,  that  of  a  woman 
deaf  six  months  in  consequence  of  a  cold,  whose  hearing  was 
entirely  restored  by  the  following  measures :  She  was  uninsulated 
while  the  operator  was  insulated  ;  he  held  a  wire  within  her  ear 
and  drew  sparks.  This  brought  on  profuse  perspiration  about 
the  head,  which  was  promoted  by  wrapping  the  head  in  flannel. 
At  the  end  of  five  days  the  cure  was  complete. 

FOBMS   OF   FEANKLINIO   ELECTRICirY. 

Franklinism  may  be  administered  in  two  ways. 

1.  The  patient,  seated  on  an  insulated  stool,  receives  elec- 
tricity direct  from  the  accumulator  of  the  machine,  and  is  said  to 
be  positively  or  negatively  electrified  or  charged  according  as 
he  is  connected  with  the  positive  or  negative  jar. 

2.  Induced  franklinism,  or  the  franklinic  current,  consists 
in  placing  the  patient  in  the  circuit  which  electricity  must  tra- 
verse in  passing  from  one  jar  to  the  other.  The  physiological 
efiects  already  referred  to  belong  to  franklinism  administered  as 
a  charge.  The  franklinic  induced  current  produces  effects  very 
similar  to  those  of  the  secondary  faradic  current,  to  be  hereafler 
described.  It  excites  vigorous  muscular  conti actions  with  a 
minimum  amount  of  pain,  and  on  some  persons  produces  an 
exhilarating  effect  wholly  wanting  to  any  other  form  of  electricity. 


•  Phil.  Trans. 


FBANKUSiaM. 


|WV»t>»»*   i»»    I 


'tHI»\tXit    *  VAVIU'W, — i>v«n 


M»(l  till'  ivlnn*«'  i»>"in.M(  .<!  )titiu<til  \\\  \W  »\y^w  \l\\^f^rKlion. 

;  I,  V.>.4  ..  Oiiiw  Oil'  liMH'.i'Hift!  rvnt*  «}«n  ss  Alt  u 
*>W,s  «»>.!  iMn».,i  lU.'  t<)i  ilitu  <*  ».n  I.-  Iv  K»v.  with  the 
rUit  1-  il»»i'  l«\  ln..'Mm»  llu'  Ut-  ,v!' ,in.-  ,^^;^actin; 
.'  ImII  .h  llii'  .  ii't  "I  Oil'  iml  wK»i;(  ivtKMvt  -^-To  :S<' jar. 
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■■  .M   «.ni>i   \'ni.\  «l>iil»  will  rtU<*\«   i!»s-  «v».ix  t-w*(w  of 


i\«\t  II 


FBANKLINIBM.  77 

electricity  to  the  earth.  This  is  sometimes  called  a  ground 
connection.  It  is  not  essential ;  but  since  it  is  possible  for  the 
potential  of  the  charge  to  become  so  great  as  to  cause  it  to 
leap  across  from  one  rod  to  the  other,  thereby  at  the  same 
time  causing  a  severe  shock  to  the  patient,  it  is  advisable  to 
do  so.     TJie  switch  sh/ntld  he  closed. 

The  Platform.  The  one  represented  above  has  hard-rubber 
legs,  but  glass  may  be  used  for  the  same  purpose.  Wooden 
legs  encased  in  glass  insulators,  such  as  are  used  in  telegraphy, 
answer  a  good  purpose.  If  a  film  of  moisture  or  dust  is  allowed 
to  collect  on  these  insulators,  electricity  will  escape,  and  the 
operator  will  fail  to  electrify  the  patient  They  may  be  var- 
nished with  shellac  or  coated  with  paraffine  while  warm,  and 
the  deposit  of  moisture  will  be  prevented.  The  conducting 
portions  of  the  platform  must  not  touch  table,  chair,  or  clothing 
of  the  operator,  during  treatment. 

The  platform  may  be  made  large  enough  to  contain  several 
patients,  and  all  can  be  treated  at  once. 

The  Patient.  The  patient,  without  removal  or  disarrange- 
ment of  clothing,  is  seated  on  the  platform.  No  conductor 
should  be  in  contact  with  or  near  the  dress.  If  tables,  chairs, 
etc.,  are  accidentally  brought  near,  electricity  will  escape,  either 
in  the  form  of  sparks  or  silently,  and  the  result  of  treatment 
will  be  a  failure.  The  conducting  cord  or  chain,  which  must  be 
well  insulated,  is  attached  to  the  ball  surmounting  the  positive 
or  negative  jar,  according  as  the  patient  is  to  be  electrified 
positively  or  negatively.  The  cord  may  be  attached  directly 
to  the  patient  outside  the  clothing,  unless  that  be  of  silk  (in 
the  illustration  it  is  fastened  to  the  dress  at  the  nape  of  the 
neck);  it  may  terminate  in  an  ordinary  battery  handle,  which 
can  be  held  by  the  patient  without  inconvenience ;  or  the  con- 
ductor may  be  fastened  to  the  platform  on  which  the  patient  is 
seated.     After  the  patient  is  in  readiness,  the  drive-wheel  of  the 
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machino  in  turned  in  the  direction  of  the  arrow ;  an  assistant 
in  niKH^HHury  unless  the  machine  is  run  by  a  small  motor.  The 
}H)tontiaK  or  intensity,  of  the  chai'ge  depends  upon  the  number 
and  rapidity  of  the  revolutions  of  the  revolving  glass  plate. 
It  in  ruHtonuiry  to  note  the  number  of  turns  of  the  driving-wheel 
in  a  ilrnt  treatment,  and  on  subsequent  occasions  it  serves  as  a 
guiili^  in  n^f^ulating  the  charge. 

7h'  mm'hitu^  niay  he  completely  diacharged  after  the  patient 
M  iVmHm}kfVtiHt  from  it  hy  moving  the  horizontal  rode  together 
mt  that  tht^lr  hiilln  touch.  Remembering  this  point,  the  operator 
will  ho  Huvod  nuiuy  a  severe  shock  in  readjusting  the  machine. 

OONDUCTORS. 

(\>nduf*ttn|j:  <HmlH  and  chains  are  both  used  to  convey  frank- 
Unlr  <»hM*trirhy,  hut  tho  oaso  with  which  it  leaps  off  from  its 
(Htndurtiir  t<»  Hurhtundiii^  ohjiu'ts  makes  it  essential  that  the 
luKtiliitlon  ho  vory  poiioot.  (\>nducting  cords  must  have  a 
duuhio  wovon  nilk  <M»vor;  yot  this  d^x^s  not  wholly  restrain 
olootrlohv  \\\\\\\  Km^\\\i\\\\i\  thorofon*  in  treating  patients  it  is 
tniportiint  \\\\\\  tho  ooinU  ho  pn^vontiHl  fn>m  touching  them,  or 
t^lhor  iMtuduotorH.  Soino  oponittU'8  i^rofor  chains^  \'amished  and 
iuoloMod  lu  niltltoi  tuhln^t  whioh  nmy  Ih^  still  further  insolated 
hy  II  oimtlh|^  wi  \\\\v\\\\\\\\\ 

Whoh  olootrloit)  Ia  to  ho  livAlintHK  an  iustnun^nt  of  some 
Avn\t   iA   hHjMltiMl    \ndoim   tho  opoiiitor  oh\xvH>Q(  to  ompIoT  his 

X\w  olooh>»d»"<  o»MploNod  tWv  /MrjlvV^if^^  dit!i>r  but  litde 
t\N\iu  ihoiio  u^oil  \\\  tho  iM\rl\  iliMii  \s{  w^  iip)^;u\^:i\^u  to  medical 
U>HHo\ooi  riu»>  »u«'  u«MM»ll>  \\\\\\W  ot'  »uou^\  ,Mt^^ho\i  ti\  or 
hold  t\>«  *^  ^^^^^i^  \\^\\\\\W  \A    \\\^\\\\\\\\\^  \\\^\\>x\a\s  \w«Kd  widi 
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cloth  or  sponge.  The  handle  should  be  made  of  glass  or 
rnbber,  to  wliieh  metal  points,  balls  or  rollers  may  be  attached. 
These  may  be  covered  with  cioth  or  sponge ;  it'  tlje  latter  is 
nsed  it  must  be  moist.  It  should  be  remembered  tliat  elec- 
tricity is  seeking  to  escape  from  tlie  patient  to  the  ground  to 
equalize  potential,  and  it  may  be  concentrated  at  any  jjoint 
on  the  body  to  wliicli  a  good  conductor  is  presented,  provided 
that  cmid>ictor  /ui-n  ijrmmd  conriection.  By  i-eference  to  Fig. 
10  the  electrode  is  seen  to  be  connected  with  the  floor  by 
a  chain,  which  latter  must  not  be  allowed  to  touch  either 
patient  or  plattonn,  lest  electricity  escape  direct  to  it  and 
prevent  a  portion  of  the  charge  from  Iwing  localized  at  tlie 
part  to  be  treated. 

Fig.  11  illustrates  a  conve- 
nient case  of  electrodes,  which 
are  suificient  to  meet  all  the 
requirements  of  fninklinism  as 
at  present  administered.  Tim 
^jifrs^  in  the  case  terminates  iu 
a  hook ;  its  use  is  shown  in 
Fig.  10,  to  hold  the  conductors 

F^.u    ELEcn.o„<C^  a^'^y    ''""^    ^^-^    P"^™^      I'   i« 

Length,  IS  [QphcB:  width,  T^inehe*.  also  used  to  detach  the  cord 
from  the  machine,  or  to  replace  it,  if  accidentally  detached, 
since  any  approach  of  the  operator's  hand  to  the  machine, 
while  in  motion,  would  draw  off  the  charge  and  occasion  an 
unpleasant  shock.  This  electrode  should  not  have  ground  con- 
nection. The  aecond  terminates  in  a  metal  roller,  with  which 
the  muscles  may  be  rapidly  and  unitbrmly  compressed  or 
kneaded.  The  third  terminates  in  a  metal  ball  for  drawing 
sparks.  The  fmtrth  has  a  slender,  pointed  metal  tip ;  its  use 
vill  be  described  on  the  next  page.  The  last  three  have  a 
socket  in  the  metallic  portion  to   receive   a  cord  for  ground 
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connection.  The  depression  in  the  back  part  of  the  case  holds 
conducting  cords,  and  at  each  end  is  a  space  for  the  metal 
handles  which  accompany  the  machine. 

THE  ELECTRO-POSmVE    OB  ELECTBO-SE6ATTVE    BATH. 

When  the  patient  is  charged  with  electricity  as  described, 
and  no  conductor  is  brought  near,  the  air  will  gradually  carry 
off  the  dinrge  from  all  parts  of  the  surface,  and  in  a  few 
minut(;H,  the  time  varying  according  to  the  potential  of  the 
charges  it  will  be  found  to  have  entirely  disappeared.  This  con- 
stitutcH  the  batli  which  may  be  continued  as  long  as  desired 
by  rochurging  the  patient  at  frequent  intervals  while  on  the 
plutfonn.  It  will  be  {wsitive  or  negative,  according  to  the  jar 
with  which  tii(3  patient  is  connected.  The  time  occupied  in 
tnuitiruuit  nliould  not  exceed  half  an  hour. 

TIh»  cliiirgi^  cHcapc^s  from  every  part  of  the  surface,  more  or 
1«H»,  but  more  particularly  from  angles  or  projections — as  the 
(*lb(>wH,  knucklcH,  knees,  Aice  and  hair — creating  a  sensation  as 
though  iiir  W(^rc  HUiartly  blowing  upon  the  skin. 

Thn  \ml\i  \H  employed  to  improve  the  circulation,  promote 
pc^rHpirntiotu  to  relieve  nervousness,  pain  of  neuralgia,  rheuma- 
tJMiri,  MpiiHiriH,  and  vhHouh  liyHterical  aifections.  This  was  one 
of  tli(*  (MLrlirMt  incftliodH  of  tnuiting  ])aralysi8.  Mauduyt  re- 
ported   (•Xf'iOlent    Kuc(!eHH    by   the   employment    of   it  in   this 

/;///'/•/«  nf  tilt'  HhHvIr  Hath. — They  are  claimed  to  be 
tJH'Mc  :  AccMJonition  <»t'  pnJNn,  phno  of  respiration,  mcrease  of 
ti-mppnitiiii',  iiif'n'iim'*!  uriniirv  Hocnition,  tranquillity  of  the 
ni'i'Vfq.  ihiprovnd  ititmrviiiion,  Htiniuhition  of  the  absorbents, 
Minniliitioti  mI'  nil  IIm*  lutH'tionH. 

Monti'  inithoi-itintt  mlviutt  thiit  tliu  (conductor  from  the  machine 
fihnujil  )m>  iiIwiivm    loffiicd    ill    tlin   nii|H^  of  the  neck,  from  the 
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beli^  that  by  this  plan  electricity  will  pass  directly  to  the 
nerve  centers,  and  from  them  along  the  nerves  from  their 
origin  to  the  periphery. 

ELECTRIC   WIND   OR   AURA. 

When  a  patient  seated  on  an  insalated  platform  is  fhlly 
charged  with  electricity,  and  a  pointed  electrode,  like  the  one 
shown  in  the  electrode  case,  is  passed  over  the  surface  near 
to  it,  bat  not  in  contact  with  it,  a  sensation  like  a  current  of 
air  blowing  on  the  parts  over  which  the  electrode  is  moved 
will  be  felt  This  is  called  *' electric  wind."  The  clothing 
being  an  imperfect  conductor,  small  sparks  will  be  seen,  and  a 
slight  stinging  or  prickling  sensation  be  felt. 

The  electric  wind  is  a  suitable  treatment  for  the  eyes,  ears, 
and  highly  sensitive  parts.  It  improves  the  nutrition  when 
frequently  applied,  and  is  valuable  in  some  hysterical  com- 
plaints, where  the  patient  is  unusually  sensitive  to  the  slightest 
shock. 

SLEOTRIO    FRICTION. 

An  electrode  terminating  in  a  ball  instead  of  a  point  brought 
near  the  surfaces,  produces  sparks  with  more  or  less  shock, 
according  to  the  intensity  of  the  charge  and  the  nature  of  the 
clothing.  When  the  skin  is  covered  only  with  flannel  and  the 
ball  is  held  near,  as  it  passes  over  the  surface  a  multitude  of 
minute  sparks  are  produced,  accompanied  by  gentle  prickling 
or  stinging  and  contraction  of  muscles,  this  is  called  electric 
friction.  The  electrode  instead  of  the  skin  may  be  covered 
with  flannel,  and  the  result  will  be  the  same.  This  is  a  valu' 
able  stimulant.  It  also  produces  a  reflex  action  through  its 
influence  upon  the  cutaneous  nerves.  It  is  specially  useful  in 
spasm ;  if  this  arises  from  irritation  within  the  brain,  electric 
friction  of  the  head  and  back  of  the  neck  is  indicated  ;  if  of  local 
origin,  friction  of  the  affected  part ;  if  due  to  sympathy  with 
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some  distant  organ,  the  friction  must  be  applied,  as  before,  to 
the  diseased  part. 

ELECTRIO   MASSAGE. 

This  consists  in  kneading  and  rolling  the  muscles  with  the 
roller  electrode,  as  shown  in  Fig.  10.  When  applied  over  the 
clothing,  it  produces  a  succession  of  prickling  or  tingling  sensa- 
tions ;  applied  directly  to  the  skin,  it  produces  no  distinct 
sensation  apart  from  that  due  to  the  mechanical  effect  of  the 
roller. 

EUH'tric  massage  excites  the  functions  of  organs  and  special 
senses,  stinuilates  the  skin,  strengthens  muscles  and  improves 
tlie  nutrition  of  all  parts  to  which  it  is  applied. 

ELKCTRIO    SHOCKS. 

An  insulatetl  ])j\tient,  thoroughly  electrified,  experiences  a 
seven>  sluH*k  whou  uu  olectriKle  is  brought  within  a  few  inches. 
Tho  griMitor  tho  distant  at  which  the  electrode  is  held,  pro- 
vidtHl  it  is  t\ot  riMuoviHl  beyond  the  intluenct*  of  the  charge,  the 
8triH\^>r  will  bo  tl»e  shot»k.  In  the  earliest  applications  of 
eUH^tricity  to  invalids,  this  was  the  only  method  employed. 
Tho  jH^wvrful  sluH^ks  which  tirst  ox|HTiinonters  did  not  hesitate 
t\>  apply  to  tho  oyos  and  htnid,  sihmu  to  us  now  but  little  else 
than  l>iirlvu>nis,  Slun^ks  of  n^isiuuiblo  degree  of  severity  are 
usotul  in  sou^o  t\>nns  of  jmmlysis  to  aixniso  sensation,  but  should 
b<^  ou\j^K\vihI  with  iNiutiou  at  all  timos,  as  pn^fuse  }>erspiration, 
triMubling  v^f  tho  knoos,  or  u\outal  wmfusion,  may  follow. 

<\i<^r*\»H,  Whou  ohaiyiug  a  j^itiont  jHv^itivoly,  the  person 
turning  tho  driwv^Nvh^H^I  \h  Uahlo  tv^  nwivo  a  disagreeable 
slux^k  tViMU  jar  ( \  v\uUvhs  it  Ih^  iHMimvtiHl  with  the  gn>und. 

If  tho  v\M\l  \N^u\\*vt\uu  jmtiout  with  u\aohiuo  is  allowed 
U>  t\nioh  tho  tHbU\  oK^thiu,^  of  x^poratv^r  v^r  iiwy  vvnduotor, 
tho  oUvtrioitx  umN  b^^  all  vlmwu  olV  aud  tho  ^vitiont  will  rvceire 
uwe;  audsuiuvtho  i^atvoiu  ivi\v\>\^  lu^  *ou*ativu\  fnnu  a  melal 
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electrode  in  direct  contiuit  with  the  sldn,  tJiis  "leat"  may  not 
be  noticed,  and  the  operator  may  be  at  a  Iobs  to  account  for 
his  failure  to  obtain  sparks  on  presenting  hie  electrode.  If 
ground  connection  witli  the  electrode  is  not  made,  no  sparks 
will  be  obtained.  Patients  should  not  expose  themselves  to 
the  open  air  immediately  after  this  form  of  electrization,  but 
delay  at  least  t«n  minuteB.     Viuleut  sliocku  mu^t  be  avoided. 


UETHOD    OP  APPLYING   DfDHCED   FOANKLINIBU. 

The  arrangement  of  the  machine  and  position  of  patient, 
both  differ  from  that  shown  in  the  previous  illustration. 
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The  Machine, — ^This  is  shown  in  a  glass  case.  The  switch 
must  he  opcn^  and  the  balls  terminating  the  horizontal  rods 
be  brought  very  near  together,  not  more  than  one-eighth  ol 
an  inch  intervening  between  the  balls  for  a  first  treatment  in  a 
very  sensitive  patient.  Neitlier  jars  nor  electrodes  require 
*' ground  connection."  lo  obtain  a  current  from  the  oniaide  of 
the  jarsy  the  cord  tips  are  inserted  in  the  metal  sockets  in  the 
base  of  the  machine, — as  shown  above.  To  obtain  a  current 
from  the  inside  of  the  jars^  the  cords  are  inserted  in  the  balls 
surmounting  the  jars. 

The  Patient, — Tlie  patient  does  not  require  insulating,  but 
the  conls  should  be  held  away  from  the  clothing;  electricity 
roiulily  leaps  off  the  conducting  cord  in  a  shower  of  fine  sparks. 
All  forms  of  franklinic  electricity  pass  readily  through  ordinary 
clothing,  with  the  exception  of  silk.  The  patient  above  is  shown 
with  his  stockings  on.  Boots  or  shoes,  unless  very  thick  or 
oi^ntaining  nails  in  the  soles,  need  not  be  removed.  Any  ordi- 
nary t\H>t-plato  may  be  used,  although  the  one  shown  in  figure 
7t»,  witli  insulating  soft-rubber  cover  between  the  metal  and 
tho  tUnuN  is  pivfonible.  The  electn^des  handle  used  for  gal- 
vanism auvl  faradism  aix>  not  suitable  to  use  for  franklinism, 
as  thov  aiv  not  sutliriontlv  insulated. 

IVanklinio  oKvlrioity  prvnlueos  a  sharp  cutting  or  stinging 
Honsation  in  tho  skin,  ^Yhou  given  with  the  horizontiil  rods  very 
near  toi;:vt her  ;  when  \h*a\vu  some  distance  apiirt,  violent  shocks 
aiv  pnuiuvv \K  Nvlueh  if  iHiwted  to  the  head  or  neck  are  capable 
v>t*  desti\\viug  v\msv*iousue>4s  ultoij^^ther. 

The  str\ Uiith  v»t*  the  eunvnt   is  ittennised  by  se(>arating  the 
hvMi'A^ulal  i>kU.  whlvh  j*h\niM  ho  done  with  a  screw-like  motion 
and  Ner\  hK^nnIn,  t\»  a\v^i\l  uuph^asiuit  sluvks, 

Anv  well  u\vuste\u^l  H^^^^^^  ehvtixnles  ntay  K*  us<h1  when  the 
eunvnt  is  ap|^Ue\l  xliiveilv  tx^  the  skiu,  hut  thv\v  must  be  attached 
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DIKECnON  OF  THE   CTJERENT. 

It  is  doubtfiil  if  the  franklinic  current  has  a  definite  direction, 
being  probably  propagated  in  waves  in  both  directions  at  the 
same  time.  According  to  the  indications  of  the  electroscope  the 
ball  surmounting  jar  C  (Fig.  9)  is  negative,  and  the  one  at  D  is 
positive,  or  the  current  from  the  inner  coatings  of  the  jars  may 
be  regarded  as  passing  from  D  to  C,  while  that  from  the  outer 
coatings  passes  from  C  to  D.  Muscular  contractions  may  be 
greatly  increased  without  pain  or  unpleasant  shock  by  placing  a 
hydro-rheostat  (Fig.  51)  in  the  circuit. 

Caution, — When  treating  a  lady  with  either  direct  or  in- 
duced franklinism  the  operator  should  avoid  presenting  the 
electrodes  over  the  metal  portions  of  crinoline  or  corset,  as  a 
aeries  of  unpleasant  shocks  to  all  pai*ts  beneath  will  be  the  result 

When  applying  an  induced  current  through  thick  clothing  the 
horizontal  rods  should  not  be  drawn  ftirther  apart  with  the  idea 
of  increasing  the  power  of  electricity  to  overcome  the  resistance 
of  the  clothing.  Such  a  proceeding  greatly  increases  the  pain 
and  the  disagreeable  eflfects  of  the  shocks  produced  and  will 
detract  from  the  beneficial  effects  of  the  treatment.  A  current 
that  is  not  disagreeable  when  applied  direct  to  the  skin  some- 
times becomes  very  unpleasant  when  compelled  to  pass  through 
a  poor  conducting  material  before  reaching  the  skin. 

For  methods  of  treatment  by  means  of  static  electricity  other 
than  those  already  given,  see  the  appendix. 

The  following  precepts  will  be  found  usefrd: 

1.  Give  electricity  at  first  in  its  mildest  form,^  and  increase  it 
gradually  as  the  patient  can  bear.  2.  Use  electix)de8  attached 
to  long  insulating  handles.  3.  Do  not  neglect  the  employment 
of  other  means  while  electricity  is  being  tried. 


CHAPTER  m. 

GALVANISM. 

• 

Galvanism  is  that  form  of  electricity  generated  by  chemical 
action.  It  is  referred  to  by  different  authors  under  various 
names,  such  as  voltaism  or  voltaic  electricity  (after  Prof.  Volta, 
of  Pavia),  cliemic  (produce<l  by  chemical  action),  primary  (direct 
from  the  elements),  and  continued  or  constant  (because  the 
current  flows  without  interruption).  When  it  is  artificially 
interrupted,  it  is  then  known  as  the  interrupted  galvanic 
current. 

Tlie  first  recorded  observation  of  this  form  of  electricity  that 
we  find  was  made  by  Swammerdam,  the  Dutch  naturalist,  in 
16S7.  During  a  visit  to  Tuscany,  he  showed  the  grand  duke 
that  when  a  ])oition  of  the  muscle  of  a  frog's  leg,  hanging  by  a 
thread  of  nerve  from  a  wire,  was  held  over  a  copper  support  so 
that  both  nerve  and  wire  touched  the  copper,  the  muscle  imme- 
diately contracted.  About  sixty  years  afterward,  Sidtzer  noticed 
the  following  fact ;  If  a  ]>iece  of  lead  and  a  similar  piece  of 
silver  be  laid  together,  and  the  edges  of  both  be  brought  into 
contact  with  the  tongue,  u  taste  of  copperas  is  perceived,  when 
these  metals  separately  have  no  such  taste.  He  concluded  that 
some  peculiar  vibrations  took  ])laco  from  the  contact  of  metals 
that  induced  this  sensation,  and  his  exphmation  was  accepted  as 
correct  during  many  years. 

In    178t)   Ualvani    published    the   ivsults  of  twenty   years'* 


•Although  it  has  Ihhmi  rt»|»oiit©<lly  ulnlod  that  (iHlvani's  discovery  was  accidental,  iind 

due  to  a  physician's  prefccrlbiuK  fri»»?  l»n»tii  ft»r  IiIh  ►lik  wHV.  wo  find  that,  lllce  most  othtrr 

important  discoveries  attributed  to  accideul.  11  wum  the  rwult  of  laborious  n^aeareh. 

There  is  no  more  "  royal  road  "  to  the  dlMuivery  of  aeientltic  facu  than  to  other  brancbeaol 

knowledge. 

(no) 
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experiments  which  had  led  him  to  the  conclusion  that  the  con- 
traction of  tlie  frog's  leg  when  brought  into  contact  with  two  dis- 
similar metals  was  due  to  electricity  generated  in  the  leg  itself. 
Volta  pursued  the  investigation  of  these  phenomena  with  ardor, 
and  after  ten  years  of  experimenting  was  able  to  prove  that 
the  electricity  arose  not  from  the  muscle  or  nerve,  but  from 
the  contact  of  two  dissimilar  pieces  of  metal,  and  the  only  part 
the  muscle  of  the  frog  had  in  the  work  was  to  supply  moisture. 
He  showed  that  opposite  kinds  of  electricity  were  produced  on 
the  two  surfaces,  one  becoming  positively  and  one  negatively 
electrified.  This  discovery  enabled  him  shortly  afterward  to 
construct  the  voltaic  pile,  from  which  all  the  galvanic  batteries  of 
the  present  day  have  been  developed. 

Many  authors,  regarding  the  researches  of  Volta  of  more 
inportance  than  those  of  Galvani,  continue  to  give  the  name  of 
Volta  to  this  form  of  electricity,  although  in  this  country  it  is 
generally  called  galvanism. 

THE   VOLTAIC  PILB. 

The  pile^  as  originally  constructed,  consists  of 
pairs  of  zinc  and  copper  plates,  with  pieces  of 
flannel  or  blotting-paper,  moistened  with  an  acid 
or  saline  solution,  between  each  pair,  and  when 
the  pile  is  complete,  zinc  will  form  one  end  and 
Fio^a^"  copper  the  other ;  attach  a  copper  wire  to  each  end 
of  the  pile,  bring  the  free  ends  together,  and  a  current  will  be 
set  up  proportional  to  the  number  of  pairs.  If  the  free  ends  of 
the  wires  are  brought  near  each  other,  not  in  contact,  and  are 
immersed  in  water,  they  will  decompose  a  portion  of  it. 
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THE   OALVAinC   CELL  OR  BATISKT. 


The  Bimplest  form  of  cell  consists  nf  two 
pieces  of  dissimilar  metals,  partially  immerseo 
in  dilate  Balphnric  add.*  The  metals  shown 
in  Fig.  14  are  zinc  and  copper.  If  tlie  zinc 
ia  perfectly  pure,  no  action  takes  place  so 
long  as  the  metals  are  not  connected.  If  they 
are  made  to  touch  by  a  single  point,  either 
within  or  without  tiie  fluid,  or  if  they  be  connected  by  a  wire, 
chemical  action  at  once  begins  at  the  snrface  of  the  zinc, 
electricity  is  generated,  which  passes  acToss  the  liquid  to  (or 
appears  at)  the  copper. 

THE   OEKERATINO   PLATE. 

This  is  the  name  given  to  the  zinc  or  other  Bubstance  sub- 
stituted for  it  in  the  cell,  because  by  the  chemical  action  occnr- 
ring  between  it  and  the  fluid,  electricity  is  generated  or  set  free. 
It  will  he  found,  after  the  action  has  continued  for  some  time, 
that  the  zinc  or  its  substitute  has  lost  weight  In  every  combi- 
nation tliat  plate  most  easily  acted  upon  by  the  fluid  becomes  the 
generating  plate. 

THB  OONDOtTFINO  OB   COLLECTINO   PLATE. 

This  name  is  given  to  copper,  carbon,  platinum,  or  other 
substances  substituted  for  them  in  the  cell.  It  is  essential  that 
the  collecting  plate  shall  be  acted  upon  by  the  fluid  veiy 
slightly,  if  at  all.  Alter  chemical  action  has  continued  some 
time,  the  weight  of  a  carbon  collecting  plate  will  show  no  loss, 
copper  or  platinum  a  very  slight  loss. 

•  Unleai  othcrwlac  staled,  dilute  lulphurlc  ncId  meaiu  s  mliture  of  twelve  pautifbr 
mauure)orw>tl«r  wlUioaepaTtorcomnierciil  acid. 
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THE    ELEUI^MTB. 


One  generating  and  one  collecting  plate  form  a  pair  of 
elemente.  It  is  essential  that  one  shall  be  acted  on  bj  the 
fluid  more  readily  than  the  other. 

COMPOUND   I 

Several    cells    ma;   be 
united    to    form    a    com- 

p<.)iind  battery,  as  shown 
in  Fig.  15.  Tiiis  illustra- 
tion represents  the  copper 
one  cell  united  to  the 
I  zinc  of  the  next  by  a  short 
wire,  and  the  current  pass- 
ing in  the  direction  of  the  arrows.  The  current  from  the  first 
C  and  last  Z  will  represent  the  total  strength  of  current  ob- 
tained from  such  a  combination. 


This  includes  the  fluid  within  the  battery,  the  elements 
the  connecting  wires  and  any  intervening  body  with  which 
the  free  ends  of  the  wires  may  be  in  contact. 

A    SHORT   OIRCCIT. 

When  the  first  C  and  tatt  Z  are  united  by  a  short  wire, 
u  in  Fig.  15,  so  that  the  current  outside  the  cell  passes  di- 
rectly from  the  copper  to  the  zinc,  it  constitutes  &  short  circuit. 
When  the  current  passes  to  and  fro  between  the  copper  and 
zinc  witiiin  the  fluid  it  is  also  called  a  short  circuit. 


CLOSED    CIECTjIT. 

The  circuit  is  said  to  be  closed  or  complete  when  the  ele- 
t  meotB  are   connected   outside  the  fluid.     This  may   be  done 
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directly^  oa  when  a  wire  joined  to  the  first  copper  element  is 
brought  inti)  contact  with  a  wire  joined  to  the  last  zinc  ele- 
nu'nt ;  or  Indirectly^  as  when  any  substance  or  body  (which 
pc^rinitM  the  paHsago  of  a  current  through  it)  is  placed  in  oon- 
tiM't  with  tho  ends  of  the  wires. 

OPKN  CIRCUIT. 

Tho  circuit  in  o^mi  or  hroken  when  the  current  is  arrested 
by  (liH(H)niiocting  the  wires  attached  to  the  elements. 

l)IKK(m0N   OF  OORBBNT. 

F«)r  all  pm(*tic4il  purix)8cs^  the  current  may  be  regarded  as 
Mturting  at  tho  xinc^  passing  through  the  fluid  to  the  copper 
or  itn  Mithntituto,  ti\)tn  thoiUH^  through  the  connecting  wires  and 
any  nubntuiuHt  iiitorvoning«  bm*k  to  the  zinc.  It  may  be  briefly 
nUttod  thuH : 

**'riu»  dihM*tlon  <»f  tho  oumnit  !n  the  fluid  is  from  zinc 
to  onppnr;  ouhidf'  tho  thiid,  t\\>in  iH^p|>er  to  zinc.''  The  relar 
tivo  hSu^  of  (1)0  oh^niontH  han  nothing  to  do  with  the  direction 
oi*  oum«ut,  whiol)  will  bo  tho  s^uno  if  tho  zinc  has  a  sur&ce  of 
a  (•*|uun»  luoli,  utui  tlu»  iH>ppor  a  sipmn*  ttnn.  The  hind  of  ma- 
/•»rA»/  \iwmI  l\»r  olonionts  dotonninos  tho  dirvction  of  current, 
whioh  iilwavN  panmrn  within  tho  thu\U  tnnn  the  element  where 
ohoiuloul  notion  lakoH  pimv  nu>Ht  IKhUw  to  tlie  element  where 
ohoinlo«(l  notion   In  nllght. 

rho  otiiU  or  tho  olonuMit!*  whor\«  tho  ounvm  leaves  and  re- 
outtM«  thoiH^II   ini»  onllod  /sh*,w. 

I>M  \MU\    Ot    VUV   \  VKKKNT, 

It  li  po»»<ill»lo  to  ^how  h\  tho  ohvtrxWK^jv  v^>$f»  ^  that  the 
oM\i^'«u  \\\^\\\  ih»»  rollootiiu*  i^Uto  \s  isv«;:w :  ii  is  oom- 
M«ot\l\   u«»okril  r  oi     •        Ux   \\\y}   ^\\\w  \y^\  the  oun^iit  flpom 
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the  zinc  is  negative;  it  ie  mnrked  N  or  — .  These  letters 
P  and  N  refer  only  to  the  poles,  and  not  to  the  eiements 
within  the  fluid. 

POLABTIT   OF   ELEMENTS. 

Since  like  electricities  repel  each  other,  and  unlike  attract, 
it  follows  that  the  portion  of  copper  witliin  the  fluid  at  which 
positive  electricity  collects  is  electro-negative,  and  tliat  part  of 
the  zinc  within  the  fluid  from  which  it  was  repelled  is  electro- 
positive. 

A   CCRREST  IN   BC 


There  is  really  a  current  passing  through  the  circuit  in  both 
directions  at  the  same  time,  but  on  account  of  tlic  physiologi- 
cal and  chemical  etFects  as  well  as  for  convenience,  electro- 
therapeutists  unanimously  agree  in  ignoring  tiie  fact  that  the 
negative  current  is  coming  ^wm,  insteai)  of  going  to  the  zinc, 
and  the  current  direct  from  the  battery  cells  is  always  spoken 
of  as  passing  from  the  positive  to  tlie  negative  poles  outside 
the  fluid,  and  from  the  positive  to  the  negative  demerits  inside 
the  fluid. 

K)LARI7.ATI0N. 

At    the   moment   the  elements  within   the 

cell   are   connected,    the   acid    in    the   fluid   at- 

I  tacks   the   zinc   and    dissolves  a  portion   of  it. 

j  This    chemical    action   generates    a    current    of 

I  electricity   which    dec'nni[M)ses  a  portion  of  the 

water  in   the   fluid,  and   separates   the   oxyjjcn 

1  trom  the  hydrogen.      Gases,  as  well   as  metals  , 

and  idl  other  substances,  exhibit  polarity  when 

Atonuofhyrtrotntn  Compared  with  each  other.      Oxygen  is  always 

upon  —  itipprr.aicnuB  negative  ( — )  and  hydrogen  positive  (+).     The 

"^r™«hoi/ litre*-  electro-negative  O   theretbre   appears   or   is  set 

poto^iimoccmii,™  free  M  the  electro-positive  zinc  with  wliich  it 
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unites  to  form  oxide  of  zinc  (the  latter  again  unites  witli  the 
8ul})hurie  acid  and  forms  sulphate  of  zinc).  The  electn>ix)sitive 
11  is  sot  free  at  the  electro-negative  collecting  plate,  and  collects 
in  bubbles  on  its  surface,  forming  a  film  over  it  in  a  short 
time  if  not  prevented. 

Hydrogen  being  more  easily  acted  upon  than  zinc,  by  the 
fluid  of  the  battery,  will  now  form  the  generating  plate,  and 
zinc  will  become  the  coU^ecting  plate;  the  result  will  be  that 
the  eurn.»nt  will  ])ass  back  and  forth  entirely  within  the  fluid, 
and  cease  to  flow  through  the  wires  or  any  part  of  the  exter- 
nal ciix'uit.  The  battery  is  now  said  to*  be  polarized.  Since 
the  working  power  of  a  battery  is  destroyed  by  polarization, 
it  i>  very  important  that  it  be  prevented,  and  various  methods 
of  doing  this  have  been  devised,  varying  according  to  the  kind 
of  battery  used ;  among  them  nuiy  be  named  the  following : 

1.  Shakimr  the  elements  or  fluid  occjisionallv  when  in  use 
to  disengjigi*  the  gas  bubbles,  and  cause  them  to  escape  from 
the  fluid. 

^,  Blowing  jiir  over  the  surface  of  the  conducting  plate  for 
die  Siime  purjH>se. 

3,  Adding  some  ingnnlient  to  the  fluid  which  will  unite 
with  the  hydn>g\»n  as  fast  as  formeil,  such  as  bichromate  of 
p«.>taslu  sulphate  i»f  ^.x^pper  or  nitric  acid. 

4,  l\v  employing  two  fluids  instead  of  one,  as  in  the  gravity 
ivlL 

5,  Making  the  ix^lKvting  plate  with  an  irregular  surface. 
The  platinutn  element  is  an  example  v^f  this  kind.  It  c^msists 
of  a  silver  plate  vx^rrug^itisU  atul  ^>»venHl  with  a  laver  of  srranu- 
lar  platinum,  >v^  that  a  nmltitude  v»f  jHMuts  will  prt>vent  ad- 
hesion ot  the  gas  to  its  surtatv  jmd  t'acilitato  its  escape  from 
tlie  fluid. 
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6.  Allowing  the  battery  to  rest  by  opening  the  circuit  a 
few  minutes,  permits  the  hydrogen  gas  to  escape,  and  restores 
the  current  through  the  external  circuit 

7.  This  will  be  hastened  if  a  current  can  be  passed  through 
the  cell  in  an  opposite  direction  for  a  moment 

LOCAL    ACTION. 

A  piece  of  pure  zinc  dipped  into  dilute  sulphuric  acid  is 
not  attacked  by  tlie  acid,  but  the  ordinary  commercial  zinc  is 
not  pure,  and  dissolves  when  placed  in  dilute  acid.  The  par- 
ticles of  impurities,  usually  iron  or  arsenic,  lying  in  contact 
with  atoms  of  pure  zinc,  form  a  closed  circuit  when  immersed 
in  fluid,  and  chemical  action  is  set  up,  which  generates  minute 
currents  of  electricity,  precisely  like  the  current  between  the 
elements.  These  minute  currents  use  up  the  fluid,  destroy  the 
zinc,  and  interfere  with  the  main  current.  When  local  action 
is  violent,  a  buzzing  or  hissing  sound  will  be  heard  within  the 
cell. 

AMALGAMATION. 

Since  chemically  pure  zinc  is  too  expensive  for  battery  pur- 
poses, a  substitute  for  it  is  found  in  common  commercial  zinc 
coated  with  a  thin  film  of  mercury.  The  zinc  is  then  said  to 
be  amalgamated.  Although  the  presence  of  the  mercury  hin- 
ders local  action  when  the  circuit  is  open,  it  does  not  interfere 
with  the  chemical  action  of  the  fluid  upon  the  zinc  when  the 
circuit  is  closed.     Amalgamation  is  accomplished  in  two  ways: 

1.  The  zinc  being  moistened  in  acidulated  water,  quick- 
silver is  brushed  over  it. 

2.  Bisulphate  of  mercury  may  form  one  ingredient  of  the 
battery-fluid,  its  purpose  being  to  keep  the  surface  of  the  zinc 
coated  with  mercury.  (This  must  not  be  used  with  platinum 
elements.) 
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Whiclu^vor  method  is  chosen,  the  result  should  be  the 
8»uno  ;  that  is,  the  surface  of  tlie  zinc  should  be  bright  as  silver. 

In  sinj«:U^rtui(l  cells,  it  is  found  that  not  even  amalgamar 
tiou  ontiivly  stops  local  action,  when  the  circuit  is  open ; 
thon*fort\  to  pnn'ent  waste  of  zinc,  some  device  is  necessary 
t\)r  ix'moving  the  elements  from  the  fluid  when  the  battery  is 
not  in  \i8o. 

POTENTIAL. 


This    term   has    the    same 
significance    when    applied   to 
dynamic  as  to  static  electricity; 
in  Ix^th  cases  referring  to  the 
Ku»  p.  **oKH*tric  level/*    The  method 

of  oMn|^»rln^'  «lilVoivnoo  of  |H>tontial  with  difterence  of  water- 
loYol,  a>  iUustnUiHl  in  b\4?.  17,  gives  a  tolerably  clear  idea  of 
tho  >\0\i<vt,  r\v\»  i\sorvoiix  A  and  R  ci>ntaining  an  un- 
ts^ual  .unoiini  of  wntt^»\  {U\^  joiiunl  by  a  small  pijn?  C:  water 
\ull  tl^w  t\\Mn  U  to  A  until  it  stands  at  the  ssmie  height  in 
K^Ik  \\l\on  il.o  flow  t!\i\Mi^h  i'  will  i\\is^\  Tlio  ditierence  in 
llv  xM\>;\n;^l  luM*;hi  ot'  iho  iwo  vN^hunns  of  waUT  may  repre- 
M^^^i  ^)\o  xlitU^A  \wt^  \\\  (ho  potential  ot*  !\\>^  elomonts  immersed 
\n  K'iU  \\  thnxl  Thw  xl\«U  twuv  of  jv^tont;aI  is  doveloj^ed  by 
iV,c  NV,.'vaixN^)  ,»xt\N^n  xwtlun  \ho  xvll.  av.^i  a  ounx^nt  of  olectridtv 
;x  v^;  ,.\^  jS»>Mi*iho\n  tho  xwwui  '.n  tV,o  ortx^r^  :o  tx;v.ii!:ze  the 
t\^^N '^5  <  X   xM,   \u  N^iluM    \>>M>\^,   t>^  wx'NViv  ^:V.o  t'Uvcno  level/ 

T'io   xU',K\\Ms>^    x^t    p.MxMwva'  ji^.N^wx  j^»\ix;r,;;'\    \<ii   &rui  less 
t'\\-     1    ,^     ,u^.u.>u^   iNo  \  UN  \o\    ^^  *s^^no',o\x\\   ;;v.>;  \v\^:t   :hi>  duid 


M        *^.  .*»    «'i       M»\i     \So     \\0>>^M     nN-v^NvW 


. -e  .v^ 


i:s^ 


.\>*   .o  ^i.-u;   \'nx    \>  *\>  \    ,N^  '/ o  v,;-^  ^     vvv"   :::  ^^th 


Ax,   x>     >  x,.s:  xi'   ,,ox^^\  >-.x    'x  o».\U  x^\  \v;v^  v\  -/ V  ,:\i:v.«;'C<:r  erf 


GALVANISM.  95 

in  level  to  start  witii,  so  the  electric  current  is  similarly  modi- 
fied by  the  length  of  the  circuit,  the  diameter  of  the  conduc- 
tors, the  freedom  from  debris,  such  as  rust,  dirt,  deposits  of 
crystals,  and  other  resistance  throughout  the  circuit,  and  the 
difference  of  potential  between  the  elements  when  the  battery 
is  freshly  started. 

Difference  of  potential  does  not  depend  upon  the  size  ;  it 
may  be  just  as  great  between  small  as  large  elements. 

MATERIALS    OF   WHICH   THE    ELEMENTS    ARE   MADE. 

Many  different  metals,  and  even  two  fluids  of  different 
densities,  have  been  used  for  battery  elements.  Zinc  is  com- 
monly  preferred  for  the  positive  plate  in  ordinary  batteries, 
while  either  copper,  platinum  or  carbon  is  selected  for  tlie 
negative  plate.  That  metal  which  is  most  easily  acted  upon 
by  the  battery  fluid  becomes  the  ]X)sitive  plate  in  any  combi- 
nation. It  must  be  borne  in  mind  that  the  terms  positive  and 
negative  here  refer  only  to  that  part  of  the  plate  immersed 
in  fluid.  Volta  made  the  following  ingenious  table,  showing 
the  relation  of  the  metals  to  each  other.  A  few,  discovered 
since  his  day,  have  been  added  by  recent  investigators.  He 
called  it  the 

CONTACT   SERIES, 

because  each  metal  in  the  list  becomes  positive  when  placed 
in  contact  with  each  one  named  below  it,  and  the  further  they 
are  separated  on  the  list  the  greater  their  difference  of  potentiaL 


+  Zinc, 

Silver, 

Lead, 

Gold, 

Tin, 

Platinum, 

Iron, 

—  Carbon. 

Copper, 

i>« 
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For  exainplo,  if  zinc  and  lead  are  used  as  the  two  elements 
of  a  Uattorv,  zinc  is  +  and  lead  is  — .  When  lead  and  tin 
an*  \iSiHl  t<>p.»tlior  load  becomes  +  and  tin  — . 

Tho  dirt'oivnco  <>f  jK)tontial  between  zinc  and  lead  is  less 
tlian  Wtwtvn  zinc  and  tin.  It  keeps  on  increasing  between 
«no  and  tho  others  named  in  their  order  until  carbon  is 
n^olttnL  IVtwoon  zinc  and  carbon  the  difference  of  potential 
is  so  4;:r\^4t  that  it  equals  the  sum  of  all  the  differences  of 
jH^tontial  luMwoon  tho  other  combinations  on  the  list. 

K\^r  this  ivason  tho  zinc  and  carbon  combination  is  pre- 
forr^nl  tor  l^^^ttorios  which  an»  nnjuired  to  furnish  a  current 
jK^siH^u^  >::r\*at  |Hnvor  of  ovonH)minjj:  resistance. 


"  \ 


v..      -v 


^x    To    'M^\^*^s^,oK    \^^N>N'»  ''     \\   \^    iVc^t  tVrvv  wV.xv.  TeziJs  to 
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level"  between  the  elements,  the  greater  will  be  the  electro- 
motive force  with  which  the  current  will  be  driven  foi*ward ; 
and  it  is  supposed  that  in  sending  a  current  through  so  great 
a  resistance  as  the  human  body,  it  is  broken  up  into  branches 
or  lines  of  force,  which  pass  by  different  routes  between  the 
points  of  entrance  and  exit ;  the  stronger  the  electro-motive 
force,  the  greater  the  number  of  these  branches  that  will  be 
able  to  overcome  the  resistance  in  their  path,  and  come  together 
to  complete  the  circuit.  The  total  available  strength  of  current 
for  therapeutical  purposes  depends  la/rgdy  upon  its  electro- 
motive force. 

THE   ELECTRO-MOnVE   FORCE   IS  MODIFIED  I 

1.  By  the  nature  of  the  elements.  By  reference  to  the  "con- 
tact series,"  it  will  be  seen  that  zinc  and  carbon  furnish  the 
greatest  difference  of  potential,  and  consequently  the  strongest 
electro-motive  force. 

2.  By  the  qxuility  of  the  hattery  fluid.  Strong  fluid,  which 
causes  violent  chemical  action,  produces  the  greatest  electro- 
motive force.  If,  however,  the  elements  are  encrusted  with 
salts,  or  partially  worn  out,  only  a  small  portion  of  their  surface 
can  be  brought  into  actual  contact  with  the  fluid,  and  the  electro- 
motive force  will  be  lessened.  If  the  zinc  is  not  properly  amal- 
gamated, thus  permitting  local  action,  or  if  the  carbon,  from  long 
use,  has  its  pores  filled  with  impurities,  the  same  result  occurs. 

3.  By  the  number  of  cells  in  the  circuit.  The  number  of 
cells,  not  their  size^  determine  the  amount  of  electro-motive  force 
developed.  "The  electro-motive  force  of  forty  elements  the  size 
of  a  tumbler  is  no  greater  than  from  the  same  number  the  size  of 
a  thimble."* 


•M.  Cyon,  "  Principles  d'ElectrotWrapie." 
7 
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I.  ////  th'.  If'iktjfh  of  time  the  hattery  has  been  in  use.  In  al! 
nm^rU*  fluid  (m-IIh  tli(»  (ilectro-rnotive  force  is  the  greatest  when 
lliii  linMiit.  in  WrM.  crloHiKl.  The  electro-motive  force  is  greatly 
iiicri'iiHiMl  whi'ii  Mtron^  fluid  is  used,  but  the  zinc  is  consumed 
liiMicr,  mid  Mmi  fhiid  IxMug  used  up  in  the  same  proportion  as  the 
/iiH',  tint  rurn-nt  will  lorn?  stren^h  sooner,  or  the  battery  may  be 
Hind  to  run  down  innrc!  mindly  than  one  which  possesses  less 
rliM'lro  nnilivi^  force,  and  consequently  less  power  of  overcoming 
rpMJHiMncc. 

til'ANTITY. 

Tin*  totid  iimnind  of  electricity  jmssing  through  a  circuit  in  a 
^Iven  lime  \h  enlled  llie  */it(tNfi'ff/.     It  can  be  increased: 

I      \\\  inerejiNinic  I  lie  si/e  of  the  elements. 

V*     Hv  l»rin^!:in^^  Iheni  closer  together. 

M.  W)  eNpoMJn^  a  lartc^M*  portion  of  their  surface  to  the  action 
of  (he  hatterv  lluid. 


X 


s  » 


\\\\^i    WiMWMlU    IN    Ml  l.nPLK    AKO  ^^vilANriTY    AKKAXGEMEXT). 

When  eUvtricity  is  required 
for  ptNHlueinj*  I'juuerv,  and  certain 
elwMuival  etUvts,  a  current  pos- 
M  Ns\n^  larj^'  e.uantitv  must  be 
V  le\;v>l  fho  wlls  r'or  pnxlucing 
N\;v !^  ,^  s\',rivv:  aiv  arnir.gvHl  in  a 
\\  we  !^i\e  v^;\e  ';i;-v:>^  vvll  contain- 
:\'^.  N  \  n\>  u\ ..  »  \v  \\  u^\\\  s\\\  \\y-  <  NxjU-uw  e.e,v\->4x\l  '^;  i^.uivi^  an  inch 
i'.*  r       \^>4  ,ouM^<^^d  \MU  ^^U'  \)\e  xsll  V\   c;  \\'\\   a   v**.:m>ni   is 

'^^»\^^■■.    e*>i    *  NN«MM\    ^M^xn\n\    xM   ''Nn^ww  ,^.;>\\*'    Vovviocted 
*  ,■  NN^j»*^»    >  N  kM»  ^w       \s\  {\\i^  s^   ^\.'.^    N^\*"x**-:s  S:   ou:   into 

>v  .  .x:rx  one 


•ss  \  \\  \\\  \\\\\\'\       \  »'»  e\(MUj»li' 


■  \ 


\i     ^ 
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inch  apart,  and  immersed  to  the  same  depth  in  the  fluid  as  in  the 
first  instance.  Connect  the  elements  of  the  separate  cells  as  in 
Fig.  19,  all  the  zinc-plates  being  joined  together,  and  all  the 
copper-plates  joined  together.  When  the  wires  from  the  first 
zinc  and  last  copper  are  connected,  the  same  current  will 
traverse  the  circuit  as  before.  The  same  amount  of  zinc  will  be 
dissolved,  and  the  same  amount  of  hydrogen  be  collected  as 
froTn  the  single  surface.  The  quantity  obtained  is  large,  the 
heating  and  magnetic  properties  are  increased,  but  the  power  to 
decompose  chemical  compounds  and  affect  tlie  animal  system  is 
very  slightly,  if  at  all,  increased. 

POTENTIAL   ARRANGEMENT. 

Tlie  same  cells  arranged  as 
in  Fig.  20,  that  is,  with  the 
elements  joined  in  alterna- 
tion, the  zinc  of  one  cell 
with  the  copper  of  the  next, 
give  a  greater  difference  of  potential  than  the  one  previously 
described.  When  the  terminal  wires  from  the  ends  of  the 
series  are  connected,  the  amount  of  zinc  dissolved  and  of  hy- 
drogen set  free  will  be  the  same  as  before.  The  current  must 
now  cross  each  cell  in  succession,  and  therefore  encounters 
greater  resistance  than  in  the  arrangement  shown  in  Fig.  19. 
The  power  now  starts  from  four  separate  points,  and  each  one 
adds  energy  or  exerts  an  impulse  in  driving  the  current  on- 
ward ;  hence  the  propelling  power,  or  electro-motive  fon^e,  is 
increased  fourfold.  Difference  of  potential  does  not  depend 
upon  the  size  of  elements,  but  it  does  depend  upon  the  num- 
ber of  them,  provided  they  are  united  alternately.  The  total 
difference  of  potential  is  as  many  times  that  of  a  single  cell 
as  there  are  cells  in  the  series.     For  instance,  if  the  difference 
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of  ]><)tential  in  one  cell  be  represented  by  10,  the  difference  in 
}X)tential  of  four  similar  cells,  joined  as  in  Fig.  20,  will  be  40. 

In  uniting  cells  in  series  they  should  be  exactly'  alike ; 
otherwise,  instead  of  the  force  bearing  relation  to  the  area  of 
plate  in  each  section,  it  will  only  be  proportional  to  the 
smallest  effective  area, —  that  is,  to  that  element  which  has  the 
least  surface  iiimiersed  in  fluid. 

In  illustration  mav  be  citeii  the  well-known  result  of  foro- 
ing  water  through  a  series  of  pipes  of  different  calibre ;  the 
force  of  flow  fi\>m  the  last  pipe  will  only  equal  the  force  with 
which  it  flows  tlm)ugh  the  smallest  pipe  in  the  series. 

Tlie  i>otential  arrangement  is  the  one  used  for  all  ordinary 
applications  of  the  giilvanic  current,  and  for  electrolysis.  It 
reipiires  givat  electro-motive  force  to  send  the  current  to  all 
pjirts  of  the  human  boily,  the  resistance  of  which  "  is  more 
than  twice  as  gn»at  as  that  of  the  Atlantic  cable. '^ 

RKSISTANCE. 

Whatever   impeilos   the   j>«issage  of  a   current  through  its 
cirtniit,  in^nstitutos  resistance. 
Resistnnci-  is  of  two  kinds : 

1.  Inffrntff  or  f*}ii<rnfiafy  due  to 

{ff)  The  <»omi>osition  and  i^mdition  of  the  battery  fluid. 

^/>^   The  condition  of  the  elements. 

{^r)  The  size  and  armngiMnent  of  the  elements. 

2.  Krff rnnf  or  non-isst nft\tf^  due  to 
^»A  The  ctuiducting  inmls  or  wires. 
^f)   The  n)nnrctions. 

1  r*)  The  suhsfauce  or  hodv  imnnlmwi  into  the  external 

{iA  Muids  which  iMMitnin  a  largi^  amount  of  acid  conduct 
bettor  th:ui   moro  dihitr  sohilions.     IVjn^sit  of  s;Uts  in  the  ceU 

•  IV \i  Hook  oi  1  Ufiririty  tn  Mct\UMuo  miuI  Sunwrj-.   J\x>nf,) 
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as    well   as    dirt    or    grease   in  the    fluid    interfere    with    the 
passage  of  the  current. 

(b)  The  elements,  when  incrusted  with  salts,  do  not  permit 
the  passage  of  electricity  freely.  Carbon,  being  very  porous, 
may,  after  long  usage,  become  filled  up  with  impurities,  and 
this  may  escape  notice. 

(c)  Large  elements  offer  more  paths  for  the  current  than 
small  ones,  hence  aiford  less  resistance.  When  placed  near 
together,  the  resistance  is  still  further  diminished,  just  as  water 
flows  more  easily  tlirough  a  large  pipe  than  through  a  small 
one,  or  through  a  short  pipe  than  a  long  one. 

(d)  The  resistance  of  the  conducting  cords,  or  wires,  de- 
pends upon 

(1)  The  length.  If  a  current  of  the  same  strength  be  made 
to  pass  over  wires  of  the  same  metal  and  diameter,  but  of 
different  lengths,  it  will  be  found  that  the  current  loses  power 
in  proportion  to  the  length  of  wire  over  which  it  is  made  to 
pass. 

(2)  The  diameter.  If  a  current  be  sent  over  wires  of  the 
same  material  and  length,  but  of  different  diameters,  since 
electricity  is  supposed  to  pass  over  the  surface  of  the  conduc- 
tor, it  is  evident  that  the  greater  the  surface  the  less  will  be 
the  resistance ;  therefore  the  power  of  the  current  will  be 
greatest  in  the  wire  of  largest  diameter.  For  instance,  a  copper 
wire  one  hundred  feet  long  and  one-twelfth  of  an  inch  in 
diameter  offers  the  same  resistance  as  a  copper  wire  two  hun- 
dred feet  long  and  one-sixth  of  an  inch  in  diameter.  For  this 
reason  the  arm  of  a  man  offers  nearly  the  same  resistance  as  a 
leg,  since  the  length  and  diameter  of  the  latter  are  nearly  double 
that  of  the  arm. 

(3)  The  material.  Silver  conducts  best,  but  copper  so 
nearly  equals  it  that  for  practical  purposes  it  is  preferred. 
Platinum  offers  more  than  five  times  the  resistance  of  copper. 
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(4)  The  temperature.  As  the  metals  conduct  best  when 
cohl,  the  warmer  the  tem})erature  the  greater  the  resistance 
of  the  wire.  The  resLstance  of  copper  increases  almost  30  per 
cent  between  freezing  and  boiling  points. 

{e)  The  elements  should  be  securely  fastened  to  the  metal 
connections,  and  the  conducting  wires  should  be  in  even  and 
firm  contact  with  the  same  connections,  otherwise  the  path  for 
the  current  will  be  lessened,  and  also  minute  independent 
currents  will  be  set  up  by  the  difference  of  pressure  of  the 
contact  pointy,  all  of  which  increase  resistance  to  the  main 
current.  Dirt,  grease  or  rust  between  contact  points  increases 
resistance,  which  may  thereby  become  so  great  as  to  stop  the 
current. 

(f)  The  resistance  of  bodies  interposed  in  the  circuit  out- 
side the  battery  varies  according  to  their  composition.  They 
may  be  divided  into  three  classes: 

1.  Those  that  otier  least  resistance,  which  include  the  metals 
and  carbon.     Heat  increases  their  resistance. 

2.  Those  which  are  decomposed  by  the  passage  of  the  cur- 
rent, which  are  principally  the  liquids.  The  resistance  of  these 
is  diminished  by  heat.  It  is  extremely  difficult  to  discover  the 
actual  resistance  of  liquids,  but  Cavendish  found  that  the  elec- 
tric fluid  meets  with  as  much  resistance  in  passing  through  a 
column  of  water  one  inch  long  as  through  an  ircm  wire  of  the 
same  diameter  400,000,000  inches  long,  and  that  water  con- 
taining in  solution  one  part  of  salt  conducts  a  hundred  times 
better  than  fresh  water,  and  that  a  saturated  solution  of  salt 
conducts  seven  hundred  and  twent}'  times  better  than  fresh 
water.  It  has  been  estimated  that  the  human  body,  owing  to 
the  salts  which  it  contains,  conducts  nearly  twenty  times  better 
than  water,  when  the  skin  is  well  moistened. 

3.  Those  whose  resistance  is  so  enormous  that  the  strongest 
electro-motive  force  can  hardly  send  the  feeblest  current  through 
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them.  They  include  the  gases,  air,  glass,  paraflBne,  shellac, 
india-rubber,  and  some  oils.  The  resistance  of  these  is  les- 
sened by  heat. 

(4.)  Resistance  in  the  circuit. 

(a)  It  many  cells,  exactly  alike,  are  joined  in  series  with 
a  large  wire,  and  with  no  other  resistance  in  the  external 
circuit,  no  greater  qyuintity  of  electricity  will  pass  through  it 
than  if  a  few  such  cells  are  joined.  Although  each  additional 
cell  adds  its  share  of  electro-motive  force,  it  also  adds  resistance, 
which  tends  to  counterbalance  the  gain  in  electro-motive  force. 

(6)  Large  cells  joined  together  in  series  with  great  resist- 
ance, as  the  human  bodv  in  the  external  circuit,  send  no 
greater  quantity  of  electricity  through  it  than  the  same  num- 
ber of  small  cells  do. 

The  electro-motive  force  of  large  cells  does  not  exceed 
that  of  small  ones,  as  ab'eady  explained,  while  the  resistance 
is  less ;  but  the  internal  resistance  in  cells  of  either  size  is  so 
small  as  compared  with  the  human  body,  that  practically  the 
gain  by  increase  of  size  need  not  be  taken  into  account. 

(c)  For  decomposing  chemical  substances,  for  performing 
surgical  operations,  and  for  electrolysis,  many  cells  of  medium 
size  in  which  chemical  action  is  powerful  are  required.  The  re- 
sistance of  the  skin  is  very  great,  but  in  these  operations  the 
current  is  carried  beneath  the  skin  by  means  of  needles  or 
wires  placed  near  each  other. 

(rf)  When  a  short  platinum  wire  in  a  short  circuit  is  to  be 
heated,  as  in  galv^ano-cautery  operations,  a  few  large  cells 
joined  in  multiple  arc  or  a  single  very  large  cell  is  preferable 
to  a  large  number  of  small  cells. 

ELECTRIC    MEASUKEMENTS. 

We  cannot  conceive  of  a  force  that  does  not  possess  qualities 
that  can  be  detected  and  measured,  and  for  the  other  modes  of 
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motion,  as  lieat,  light,  etc.,  we  have  terms  by  use  of  which 
ideas  may  bo  conveyed  that  are  readily  understood.  Electricity 
has  not  been  so  fortunate  until  within  a  very  recent  period. 
Although  electricians  have  long  made  use  of  special  language 
in  writing  of  this  science,  there  has  been  a  lack  of  uniformity 
in  choice  of  terms  and  an  obscurity  of  definition  which  pre- 
vented its  general  use. 

ohmV  law    for   dktkrmining  the   strength  of  current. 

lV>f.  Ohm,  of  NurtMuberg,  in  1827,  discovered  the  law  which 
Krai's  his  name,  and  which  is  now  made  the  foundation  of  all 
eUvtrieal  measuivment.  It  is  this:  '*The  strength  of  the 
eurn^nt  passing  thixnigh  any  jmrt  of  a  circuit  varies  directly  as 
the  ditfeivntv  of  |H>tential  between  its  elements,  and  inversely  ss 
the  n^sistamv  in  the  ein»uit  itself.*'  If  there  were  no  resist- 
aniv,  the  ipiantity  vU*  elivtrieity  |mssing  as  a  current  would  be 
exactly  prt»|HUlional  to  its  eU^^triMnotive  or  propelling  force. 
Siu\^*  theix^  is  alwavs  ivsistaniv,  In^th  within  the  batterv  cell, 
aiul  in  that  jHMlion  of  the  einniit  outside  the  coll,  it  must  be 
taken  into  avxHMmt  in  estinmting  stivngth  of  current.  If  the 
ivsistjmw  be  doubUnl,  onlv  one  half  the  quantity  \^other  con- 
\Utions  Ivin^i  e^uaU  will  pass  tlmmgh  the  einniit :  if  the  resist- 
an^v  Ih^  tivbUnK  thei\^  will  be  \nil\  vMu^thirvl  the  quantity  ;  that 
\s^  the  quautuv  i>  inverselN  |M\^jHM'tivM)aI  to  the  r^^istance. 

lV*u\l  avwl  Kwkwell '"*  ha\e  \learl\  illustrnttHi  :;::s  )Hunt  in 
tb»e  !oU\^\\\u>;  \uam\er  :  ^'Sv^^js^mx  j^  eurrv^nr  vf  wau-r  i>  jiassed 
tii*Ani;:;h  cu\  xM>l\nav\  Mr\n^>iv  I'ho  quaujirx  ^^:  water  : hat  fl«>w8 
!V,?\^u*i:\  the  tube  wUl  bx^  Nl'.iwth  |vi\^^\^:^^-u\I  ts^  the  tV>rce 
\>;::i  \\:,ul\  it  \*  \n^>Hl  !xv\\\,.m>1  b\  ilie  i-.stv^n  ;  :;:>  torvv  would 
vVv*vv»,y^i'xS  \\\th  \^Ks  u>>  n\\^u\\^  t\M\\^  To  *^\-ti\*v.  will  cv^rr^ 
sjv^v.xl   ^,v>  th\^  'a\t\vt\\iU   x\\\\\  \^\\\x\\i\\  wvisiar.vv  o:   :::v  b^Mterv. 
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Now,  if  we  divide  the  one  by  the  other,  we  have  a  quantity 
of  w^ater  which  in  a  given  time  flows  through  the  tube,  or  the 
strength  of  the  current.  In  this  way  we  can  find  the  number 
of  cubic  inches  of  water  that  flow  through  the  tube  in  a  sec- 
ond of  time,  just  as  we  can  find  the  number  of  coulombs  (or 
units  of  quantity)  of  electricity,  th^t  flow  through  the  circuit. 
It  follows,  of  course,  that  if  the  electro-motive  force  be  very 
greatly  increased,  the  resistance  being  the  same,  the  total 
strength  of  current  must  be  increased  ;  but  if  the  resistance  be 
increased  in  proportion  to  the  increase  of  electro-motive  force, 
the  current  strength  will  not  be  any  greater." 

Another  mode  of  expressing  the  law  of  Ohm  is  by  the 
following  formula,  in  which  C  represents  the  strength  of  the 
current,  E  the  electro-motive  force,  and  R  the  resistance  both 
within  and  without  the  battery. 

Before  resistance,  the  difference  of  potential  is  not  easily 
restored. 

UNITS   OF   MEASUREMENT. 

Writers  are  now  adopting  the  terms  agreed  upon  at  tb* 
International  Electrical  Congress,  and  it  is  necessary  to  be 
acquainted  with  those  which  represent  qualities  of  currents 
employed  in  medical  practice  in  order  to  understand  the  elec- 
trical literature  of  the  day. 

The  units  of  measurement  are  based  on  the  French  unit  of 
length  (centimetre),  unit  of  mass  (gramme),  unit  of  time 
(second).  These  are  usually  referred  to  as  the  Centimetre- 
Gramme-Second  or  C.G.S.  system  of  units. 

The  Volt  (dynamic)  is  the  unit  of  electro-motive  force.  It 
represents  a  force  capable  of  generating  a  velocity  of  one  metre 
per  second  through  a  mass  of  one  gramme.  The  Daniells  cell 
is  selected  as  the  standard  for  one  volt.     Tliis  is  an  approximate 
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measure  only  ;  the  Daniells  cell  varies  in  electro-motive  force 
from  .097  to  1.070  volts.  The  Grenet  cell  furnishes  a  current 
of  about  two  volts. 

TJiC  Ohm  (dynamic)  is  the  unit  of  resistance ;  it  is  very 
nearly  eijual  to  the  resistance  of  a  cylindrical  wire  of  pure 
co])per  two  hundred  and  fifty  feet  in  lengtli  and  one-twentieth 
of  an  inch  in  diameter. 

Tfie  Coulomh  (dynamic),  formerly  called  the  Weber,  is  the 
unit  of  quantity.  It  is  equal  to  the  quantity  of  electricity 
transmitted  in  one  second  through  one  ohm  by  one  volt 

An  Amjiere  (dynamic),  also  formerly  called  the  Weber,  is 
the  unit  of  current.  It  is  a  current  of  one  Coulomb  per  second, 
and  is  due  to  the  electro-motive  force  of  one  volt  working 
through  a  resistance  of  one  ohm. 

Mint-ompeiw  the  thousandth  part  of  an  ampere. 

The  FanuJ  (static)  is  the  unit  of  capacity.  The  standard 
is  the  amount  of  electricity  accumulated  in  a  unit  Ley  den  jar 
which  holds  one  Coulomb  at  a  }X)tential  of  one  volt. 

The  Coulomh  (static)  is  equal  to  the  charge  produced  in  a 
jar  of  one  Farad  cajnicity  by  an  electro-motive  force  of  one 
volt, 

KEL.VT10N     V>F    OKU-S    Tl>    STRKNGTH    OF    CrRREXT. 

This  depends,  as  we  have  SiH>n,  upon  size  of  cells,  nxmiber 
of  cells,  method  by  which  they  are  joined  in  circuit,  kind  of 
elements,  and  resistance  in  the  cinHiit.  • 

Sinirh^thiid  anvl  two-thiid  colls  in  irreat  varietv  iire  em- 
ploy eil  for  uiodioal  pur|H»os.  In  this  tH>untry  the  single-fluid 
cells  in  ivnuuon  use  aiv  ivpivsonioil  by  the  Smee  imd  the 
Grenet ;  the  tw^vihiid,  by  the  OanioUs  and  the  Gravitv. 

The  elements  of  this  ivH  ixMisist  i^f  two  plates  of  zinc  and 
one  of  platinized    silver.      A   thin   silver  plate  is  ^.v^rrugated 
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and  coated  witli  platinum  in  coarse  powder ;  this  furnishes  a 
multitude  of  points  from  wfiicli  hydrogen  is  more  readily  dis- 
engaged than  from  a  smooth  surface.  The  exciting  fluid  is 
dilute  solution  of  sulphuric  acid.  The  zinc  plates  are  arrange<l 
parallel,  with  the  platinized  plate  suspended  between  them. 
By  this  metltod  both  surfaces  of  tlie  ])latinum  serve  as  a  col- 
lecting plate;  but  this  arrangement  does  not  furnish  so  powei^ 
fal  a  current  as  the  cell  next  described,  in  which  the  zinc  is 
placed  between  two  collecting  plates  so  that  both  surfaces  of 
the  zinc  are  rendered  effective  in  generating  electricity. 

BICHROMATE  '  OF   POTASH   CELL. 

The  elements  consist  of  a  single  pair  of  zinc  and  carbon 
plates  and  tlie  iluid  of  a  solution  of  bichromate  of  potash  in 
water,  acidulated  with  sulphuric  acid.  Chromic  acid,  which 
has  great  affinity  for  hydrogen,  is  set  free  by  decomi^vosition 
of  the  bichromate  of  potash,  and  prevents  polarization.  A 
useful  form  of  single  cell  fur  experimental 
purposes  or  for  brief  applit-ations  of  a  power- 
ful current  is  represented  in  Fig.  21. 

THE   MO-INTOSH   GKEKET   CELL. 

o,  li  a  globular  g]aa  boltle  with  crUodrlcal  Deck  por- 
tlaUf  filled  with  Suld. 

C  C.  plecea  nC  carbon  formlog  ibe  coUecUng  pUleg. 

Z,  iIdr  generHttng  plate  atlacbcd  to  a  slldiog  rod;  it  can 
be  lifted  out  ut  the  fluid,  or  lowered  to  any  deptb. 

8.  Mndlng  srrev  for  reuining  the  rod  at  an;  point. 

c  e,  linid  rubber  rover  to  wbicb  Ibe  elemCDlsare  faalened. 

A,  binding  post  with  which  botb  carbona  are  connected  by 

:  B,  binding  poat  with  vhich  the  linc  hu  metallic  connec- 

d  prolectatha 
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Tho  special  feature  which  distinguishes  this  from  the  ordi- 
nary Coronet  cull,  is  the  insulation  of  the  metallic  ctmnections 
of  tho  olonients.  The  difficulty  hitherto  experienced  in  keeping 
this  ivll  in  good  working  order  owing  to  the  rapid  oxidation  of 
tho  Ci>n mictions,  is  completely  overcome.  The  rubber  is  put 
on  the  elements  in  a  sotl  state  and  vulcanized,  which  causes 
it  to  adhort*  so  iinnly  that  neither  fluid  nor  its  fumes  can  pen- 
otnite  between  the  insulator  and  the  metallic  connections  which 
it  inrlosos. 

Tho  Mcintosh  (irenet  cell  is  suitable  for  dental  purposes, 
Huoli  us  treating  diseased  teeth  and  obtunding  the  pain  of  ex- 
trnoting  thorn;  pnuhicing  an  electrolytic  eflfect  upon  ulcers, 
etc.;  supplying  a  ourn»nt  for  an  eK»c»tro-magnet  to  extract  par- 
tiolos  of  motal  tnau  tho  eye,  and  for  testing  battery  connec- 
tions, Tho  y.ino  is  but  one-half  the  length  of  the  carbons  and 
oan  bo  drawn  up  above  tho  fluid  ;  it  c»an  be  lowered  in  an 
iuMatit,  ami  on  iHuuploting  tho  oinniit  the  current  at  once 
starts.  As  hkhmx  as  its  work  is  done,  the  zinc  should  be 
nunuHliatoly  nustnl  out  of  tho  fluid  and  fasteneil  there ;  with 
that  pn»oaution  it  will  always  In*  ix^^uiy  for  use,  until  the  fluid 
is  oshaustod, 

UAmcRv  vi.rnx. 

Tho  «'«MU|H^'«ition  \^(  battot\v  fluid  i»  of  great  importanoe  in 

s^^MMMU^   tho   bont    workit^g  ixmdition  t^  wiy   l>atterk\    and  it 

«v\»^t  bo  adaptod  both  to  tho  s|Hvial  iXMubination  of  elements 

otuploNrd  m\\\  t»^  tho  \\o»k  to  bo  dom\     It  ^hvnud  be  capable: 

I     \  M*  ph^hh  \\\^  tho  yjvMtost  jH^ssiblo  ditfor^nKv  of  potentiaL 

^*     l\»fa»^hnj>  pol;n'oati\M\  or  pt>^\o)>t;ng  i:  cr.Tiivly, 

:^    O0or\h|\  httio   »>»M»Matuv  U^  tho  )>as$i^e  v>f  the  ooirent. 

k      \\\\\\\y\    \\^\\\\    Uo    ^•o^^^w\^x^  t\um^N 

\ll   u\.o\urMonnvri   dotm^uuo   b\    >vx\\sus;  oxix^nments  the 
ku\d  \^t  tbivd  bo4i  M>h^p\od  u^  thou  o\x)^  lvQ4;^'h\>«s^  aiid  the  best 
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results  will  be  obtained  by  following  their  formula.  Operators 
frequently  are  disappointed  in  consequence  of  using  a  fluid 
unsuited  to  the  special  combination  of  elements  with  which 
their  instruments  are  supplied. 

The  fluid  for  the  Mcintosh  Grenet  cell  should  be  made  as 
follows : 

Sulphuric  acid,  three  fluid  ounces. 

Bichromate  of  potash,  two  ounces  (avoirdupois). 

Bisulphate  of  mercury,  two  drachms  (avoirdupois). 

Water,  sixteen  fluid  ounces. 

Dissolve  the  bichromate  of  potash  in  hot  water ;  when  it  is 
cold,  add  the  bisulphate  of  mercury,  and  lastly,  very  slowly, 
the  sulphuric  acid.  It  is  dcmgerous  to  pour  water  into  aulr 
phuric  a<;id. 

This  fluid  should  be  prepared  in  an  earthen  or  stoneware 
vessel,  because  the  heat  developed  by  the  mingling  of  acid 
and  water  is  so  great  as  to  damage  glass  or  rubber  cells. 
The  fluid  may  be  preserved  indefinitely  if  kept  in  well  sto{> 
pered  bottles.  It  should  he  labeled  Poison.  It  has  a  deep-red 
color,  or  an  orange-red  when  looked  at  across  its  surface, 
which  turns  brown,  dark-green,  or  black,  when  it  is  exhausted. 

TWO-FLUID    CELLS. 

Although  the  galvanic  current  is  commonly  called  a  con- 
stant  current,  yet  that  obtained  from  a  single-fluid  cell  varies 
constantly,  owing  to  variable  resistance,  polarization,  and  rapid 
destruction  of  both  fluid  and  zinc. 

The  great  merit  of  having  constructed  the  first  cell  from 
which  a  really  constant  current  could  be  obtained,  belongs  to 
Becquerel,  who  proposed  to  immerse  copper  and  zinc  in  sep- 
arate fluids  with  a  porous  diaphragm  between  tliera  which 
would  permit  communication  between  the  two  fluids,  although 
keeping  them  apart.     He  used  a  bladder  for  the  diaphragm. 
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THE     DANIELLS     CELL. 


Daniells  modified  the  cell  invented  by  Becquerel.  He 
replaced  the  bladder  with  a  porous  cup,  and  made  other 
minor  changes.  Since  a  Daniells  cell  has  been  adopted  as  a 
comparative  standard  in  estimating  the  electro-motive  force  of 
a  galvanic  current,  a  brief  description  of  it  may  be  of  interest. 
A  glass  jar  of  about  one  gallon  capacity  is  two-thirds  filled 
with  a  concentrated  solution  of  sulphate  of  copper.  A  thin 
cylindrical  sheet  of  copper  is  immersed  in  this  solution  within 
the  jar  which  it  completely  lines.  A  porous  cup,  of  the  same 
height  ai^  the  jar,  nearly  filled  with  a  mixture  of  one  part 
sulphuric  acid  to  eight  parts  water,  is  placed  in  the  center  of 
tlie  jar  and  a  rod  of  amalgamated  zinc  is  immersed  in  the  cup. 

When  the  poles  of  tliis  pair  are  connected,  the  following 
ivac*tion  (X*curs  :  lioth  water  and  solution  of  sulphate  of  copper 
are  decomposed.  One  ]>art  of  tlie  liberated  oxygen  combines 
with  the  zinc  to  form  oxide  of  zinc,  which  combines  again 
with  sulphuric  lU'id  to  form  sulphate  of  zinc;  another  part  of 
the  oxygon  tH)mbines  with  hydn^u  to  form  water,  and  finally 
a  thin  iilm  of  copper  is  de}x)siteii  upon  the  surface  of  the 
iHip|XT  cylinder,  which,  therefore,  remains  unchanged.  The 
zinc  being  well  aimalgamated,  resists  local  action,  and  the 
oloments  can  Ih>  letl  in  the  fluid  if  tlieir  poles  be  disoonneeted 
v.'hon  not  in  use. 

ORAVFTY     CELLS. 

Tho  gravity  ivll  is  a  mollification  of  tiie  Daniells,  and  is 
<H>nstructod  on  \\\o  principle  that  two  fluids  of  different  density 
OMU  bo  arranginl  so  tluit  tho  lioavior  shall  form  a  stratum  at 
tho  bottom  o(  tl\o  ivll  with  tlio  lighter  fli^jiting  upon  it  This 
!40punitiou  is  novor  |H»r!'oot,  siiuv  tho  heavier  fluid  slowly 
ditVusos  \ipwanl.  Tho  olomouls  an*  phuwl  horizontally.  When 
oniv  ohai'gtnl  ami  ivnnivtod,  those  oi^lls  will  run  for  months. 
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Ill 


the  only  atteiifion  required  being  to  supply  water  aa  it  evap- 
orates, and  occasionally  ii  little  sulphate  of  copper.  They  are 
employed  for  stationary  apparatus  of  every  kind,  for  which   a 


galvanic    current   is   tlesireti,    such   aa   office,  table   or   cabinet 
batteries,  electric  chair,  electric  batb,  va]»r  bath,  etc. 

TO   PliEPAEK  Till!:   GEAVm-   BA-rrEHY   fok  itse. 

Fill  each  jar  tliree-fourtlia  fall  of  clean  soft  water  (three 
pints),  add  six  ounces  sulpliate  fif  zinc,  stir  to  dissolve  it, 
and  remove  the  scum  that  rises.  Unfold  the  copper  element 
and  place  in  tlie  bottom  of  the  jar.  Suspend  the  zinc  by 
means  of  the  tripod,  so  tliat  its  upjier  surface  is  just  below 
the  surface  of  the  water  and  parallel  with  it.  Add  six  ounces 
enlphate  of  copper  crystals  to  the  fluid,  taking  care  not  to  tli-op 
any  upon  the  zinc.  A  convenient,  though  not  essential,  mode 
of  accomplishing  this  is  us  follows: 

A  glass  tube  of  sufhcient  size  to  permit  the  passage  of  the 
copper  crystals  is  inserted  vertically  in  the  cell  to  a  level  with 
the  upper  surface  of  the  copper   element   and  the  sulphate  of 
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copper  dropped  through.  This  gives  a  deep  blue  color  and 
greater  density  to  the  lower  stratum  of  the  fluid.  It  can 
reach  the  zinc  only  by  diiFusion  upward,  provided  the  cell  is 
kept  stationary,  and  free  from  jarring  or  sliaking.  The  blue 
tint  of  the  lower  stratum  should  extend  just  over  the  copper 
element,  but  should  not  be  permitted  to  reach  the  zinc  The 
fluid  around  the  zinc  has  a  very  slow  downward  motion  and 
helps  to  retard  upward  motion  of  the  copper  solution.  The 
mixing  of  the  two  layers  of  fluid  may  be  still  further  hindered 
by  inserting  a  syphon  consisting  of  a  glass  tube  filled  with  a 
cottoii  wick,  one  extremity  being  midway  between  the  zinc 
and  copjxjr  elements  and  the  other  in  a  vessel  outside  the 
cell,  so  that  the  liquid  is  very  slowly  drawn  oiF  near  the 
middle  of  its  depth.     This,  however,  is  seldom  employed. 

TO    CONNECT    GRAVITY    CELLS. 

Tlie  cells  are  connected  ui  series  by  fastening  the  wire 
attached  to  the  copper  element  of  the  second  cell  in  the 
socket  on  one  arm  of  the  tripod  of  the  first  cell,  where  a 
thumbscrew  may  be  seen  in  Fig.  22 ;  the  copper  element  of 
the  third  cell  is  connected  in  the  same  way  with  the  tripod 
of  the  second  cell,  and  so  on  ;  each  copper  element  except 
the  first  being  joined  to  the  tripod  of  the  preceding  cell  in  the 
series. 

Tlte  cells  are  connected  with  the  apparatus  thus  :  The  wire ' 
from  the  copper  element  in  the  first  cell  is  joined  to  a  post  or 
button  which  represents  the  positive  pole.  A  wire  from  the 
zinc  of  the  first  cell  (fastened  in  the  same  socket  of  the  tripod 
arm  as  the  wire  from  the  second  copper  element)  is  connected 
with  a  post  or  button  representing  one  negative  pole,  a  wire 
similarlv  attached  to  the  second  zinc  element  is  connected 
with  a  second  button,  and  so  on  until  the  entire  series  are 
connected  with  corresponding  buttons  on  tlie  apparatus. 
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THE  KBACnON  IN  THB  ORAYITT  CELL. 

When  the  elements  are  connected  by  closing  the  circuit, 
the  sulphate  of  copper  is  decomposed  into  copper  and  sulphuric 
acid.  The  copper  is  deposited  upon  the  copper  plate,  and 
the  sulphuric  acid  travels  slowly  through  the  liquid  to  the 
zinc,  with  which  it  combines,  forming  sulphate  of  zinc.  In 
this  way  the  liquid  at  the  bottom  becomes  less  dense  by  the 
deposition  of  the  copper,  and  the  liquid  at  the  top  becomes 
more  dense  by  the  addition  of  the  sulphate  of  zinc.  To 
prevent  this  action  from  changing  the  order  of  density  of 
the  strata,  and  so  producing  instability  and  visible  currents 
within  the  cell,  it  should  be  kept  well  supplied  with  crystals  of 
sulphate  of  copper,  and  water  must  be  supplied  to  replace 
loss  by  evaporation.  The  water  must  be  added  gently  to  the 
top  of  the  liquid,  so  as  to  prevent  jarring  or  stirring,  which 
may  set  up  currents  that  will  mix  the  two  liquids.  The  need 
of  more  blue  vitriol  may  be  known  by  fading  of  the  blue 
color. 

A  hydrometer  is  convenient  for  testing  the  strength  of  the 
solution.  When  the  specific  gravity  is  less  than  15°,  there  is 
too  little  sulphate  of  zinc ;  when  it  is  30°  or  over,  there  is 
too  much  in  solution,  and  it  must  be  diluted.  These  cells 
require  no  attention,  except  to  supply  water  as  it  evaporates, 
for  months  at  a  time;  but  once  or  twice  a  year  it  will  be 
necessary, 

To  recharge  the  grawity  celU.  When  the  elements  become 
coated  so  as  to  interfere  with  the  action  of  the  battery,  they 
must  be  removed,  scraped,  and  rinsed  clean ;  the  jars  also 
should  be  washed  out  and  refilled.  The  clear  portion  of  the 
fluid  may  be  drawn  off  and  used  to  recharge  the  cells ;  this 
solution  contains  so  much  sulphate  of  zinc,  that  after  filling 
each  jar  one-half  full,  clear  water  can  be  used  to  till  up  with 
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TO   KEEP  GEAVITY   CELLB  IN   OBDEB. 

SiDce  the  final  result  is  that  tht  sulphate  of  copper  finds 
its  way  to  tlic  zIqc  and  spoils  the  batteiy,  to  retard  this  as 
long  as  possible  it  is  necessary  to  use  certain  precautions : 

1.  Tliey  must  be  placed  so  that  their  contents  cannot  be 
shaken  up,  as  the  action  ceases  when  the  two  finids  become 
well  mixed  togetlicr. 

3.  If  it  is  not  conrcnient  to  keep  a  siphon  in  place  to 
drawofl'  the  copper  solution  gradually,  when  it  rises  too  hi^b, 
a  ayrini^  may  be  used  to  draw  a  portion  from  the  bottom  of 
the  jar. 

3.  Fresh  water  may  be  added  to  the  top  by  a  syringe, 
taking  care  to  use  little  force. 

4.  The  collection  of  salts  about  the  top  of  the  jar  may  be 
prevented  by  painting  the  inner  surface  foi  about  one  inch 
below  the  top  either  with  paint  or  melted  paraffine. 

5.  The  tripod  connections  may  also  be  kept  free  Irom 
dc)H>»its  by  coiitiug  them  with  paratline.  They  shonld  be  warm 
when  it  is  applied. 

tt,  Whvn  the  cells  are  used  but  little,  say  an  honr  a  day, 
the  ('urn'iit  ilin.H<t  from  the  cells  should  be  nm  tbrongh  a 
riuH>stut.  or  rt'sistanpe  coil,  for  a  few  hoars  occasionally,  to  keep 
thtfni  in  )X'rti>ot  working  umdition. 

Tl)e  tray  cell  cod- 
sists  of  a  square 
wooden  box,  lined 
with  sheet  lead,  upon 
which  copper  is  de- 
I  pttsited  by  the  elec- 
tro-plate  process. 
Till'  zinc  element  is 
niB-  ii»i.i.'.  iii\i>'\!i  iiiiti«.  made  in  the  form  of  a 

gralii));.  to  allow  ilii>  fiuN  to  t>i<cu)H>  and  give  more  snr&ce.    li. 
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is  supported   by   wooden  blocks  placed   at  the  four  comers  of 
the  cell. 

To  prepare  this  cell  for  use. — Make  a  solution  of  sulphate 
of  zinc  in  the  proportion  of  six  ounces  (by  weight)  to  each 
gallon  of  water  (Epsom  salts  may  be  used  instead  of  sulphate 
of  zinc,  it  answers  the  same  purpose  and  is  much  cheaper),  and 
fill  the  cell  so  that  the  zinc  grating  is  submerged  an  inch  or 
two.  Lift  out  the  zinc  element,  add  sulphate  of  copper  crys- 
tals in  the  proportion  of  six  ounces  to  each  gallon  of  solution, 
and  remove  any  scum  that  rises.  Do  not  stir  the  jhdd  after 
the  sulphate  of  copper  is  added^  since  this  is  a  form  of  the  gravity 
cell,  and  its  action  depends  upon  the  diiFerence  of  gra\aty 
between  the  upper  and  lower  strata  of  the  fluid.  The  connec- 
tion between  this  cell  and  the  apparatus  is  made  with  two 
large  insulated  copper  wires,  one  of  which  is  fastened  to  the 
binding  post  attached  to  the  copper  lining,  and  the  other  to 
the  binding  post  attached  to  the  zinc  grating.  The  resistance 
within  this  cell  is  very  small,  being  only  .2  ohm.  Sometimes 
several  of  these  trays  are  placed  one  above  another,  the  copper 
of  one  being  connected  with  the  zinc  of  the  next,  and  the  appa- 
ratus being  connected  with  the  first  and  last  in  the  series,  in  the 
same  way  as  with  the  ordinary  gravity  jars.  A  smgle  tray  cell  is 
used  only  for  the  faradic  current.  The  only  attention  it  requires 
is  to  empty  the  cell  once  or  twice  a  year,  and  scrape  oflF  any 
salts  that  may  have  accumulated  on  the  elements.  A  part  of 
the  fluid  poured  out  of  the  cell  may  be  used  to  recharge  it. 
If  the  copper  at  any  time  reaches  the  zinc,  take  out  the  zinc, 
rinse  it  ofl^,  add  more  water  to  the  cell  and  replace. 

SINGLE-FLUID   AND  TWO  FLUID   CELLS   COMPARED. 

Since  large  cells  do   not  necessarily  give   a   more  powerful 
remedial  current  than  very  small  ones;  the  size  to  be  selected 
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must  bo  determined  by  other  considerations  than  the  strength 
of  rurn^nt  re(iuired.  A  comparison  of  their  relative  excellencies 
and  defec*t8  is  the  best  guide  to  selection : 

tUNtiLB-FLUID  CSLUS.  TWO-FLUID  CELLS. 

^a>  They  become  polariied  rapidly.  (a)  They  polarize  very  slowly. 

{b)  The    electro-motive    force    is  (6)  The    electro-motive    force    is 

great.  small. 

vr^  The    electro-motive    force    is  (c)  The   electro-motive   force   in- 

grtmte^t  when  ftreshly  charged.  creases  for  several  days  before  its 

v<l^  Tho  eKvtro-motivo  force  stead-  maximum  is  reached, 

ily  dei'lineo  fr\uu  the  tlr«t.  (d)  The  electro-motive  force  con- 

v<^  The  cells  may  be  small  and  tinues  for  months  with  little  varia* 

jx^rtable.  tion. 

v/^  lH>«t  adaptiHl  to  (WH)uent  short  (f)  The  cells  must  be  comparatively 

application!)    aiuI    ^nioml    practiiv.  lar^  and  heavy.    It  is  essential  that 

Tho  j;n>at  K,  M.  K»  of  tho  Eino  and  they  be  stationary. 

c^rKux  cvUs,  nmkct»  tixoiu  beet  suited  {O  Best  suited  to  office  practice 

tV^r  cle\'tr\«lysi«,  where   many   treatments   must    be 

given  daily,  and  it  is  important  to 
have  the  l«tter>*  ci/iray«  mufy. 

1\^    UKrK\M*    rilK    TKKSKNi  K   OK   TllK   OALVAXIO   CCRREXT. 

S\iu\^  tl\o  vTrtlvjuuo  vnirn^txt^  >vhot\  uniutorni})C«d«  passes 
silotuix  tl\iN>u>?h  its  oiivuit  wuluMit  pnvluoiiur  duvks  dashes  of 
lii::ht^  xM'  v^tl\or  j^Uououiotm  tlml  mark  iho  pr^^^nuv  of  static 
oUv!vio\t\,  u  \N  rt\s|Uoutlv  itu|HM'tiUU  to  Iv  aWo  to  determine 
\\i\o!hor  H  x\ut\nt  \s  jMVMWt,  Das  luust  Iv  viotenuined  from 
t'x  o'Vwts    |M\vl\uvxl  \\Uot\    suUiwi^sl   tv^   vvrtH;::   testi?^  dunoDi? 

t     .V,i'.\  wSuS    \^    ^^^^^^\^^sl  wlu^u    !:;o  ourrvT.:    is   carried 
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be  obtained  on  toaching  the  electrodes,  or  even  the  tips  of  the 
cords  together,  to  complete  the  circuit.  The  sparks  will  be 
seen  only  when  the  current  is  interrupted. 

3.  Sensation  produced.  If  the  electrodes  are  held  against 
opposite  sides  of  the  face  or  tongue,  strong  burning,  stinging, 
or  pricking  sensation,  will  be  felt  on  interrupting  the  current 
or  moving  the  electrodes. 

4.  The  cheraical  effect,  A  simple  apparatus  for  determin- 
ing this  can  be  improvised  from  materials  found  in  any  medical 
office,  on  the  principle  of  the  voltameter. 

An  ordinary  test  tube  has  a  cork  fitted  into  its  neck,  A 
through  which  are  passed  two  needles,  or  wires,  connected 
with  the  poles  of  the  battery  by  conducting  cords.  When 
the  circuit  is  complete,  the  water  will  be  decomposed, 
provided  the  current  has  an  electro-motive  force  equal 
to  nearly  two  volts  (it  requires  that  amount  of  force 
to  overcome  the  aflinity  of  oxygen  and  hydrogen),  and 
the  amount  of  gases  set  free  will  be  a  measure  of  the  "'"^ 
working  power  of  the  current.  rio.24. 

,  .  THE  VOLTAMETER. 

5.  Deflection  of  the  magnetic  needle. 

Electricity  and  magnetism  exert  their  forces  at  right  angles  to 
each  other.  When  a  current  of  electricity  passes  through  a  wire 
there  is  always  an  electro-magnetic  field  contiguous  to  that  wire. 
If  now  a  body  capable  of  becoming  magnetized  were  placed  in 
that  field  it  would  becomea  magnet — temporarily  if  of  soft  iron, 
permanently  if  of  steel.  The  intensity  of  this  electro-magnetic 
field  may  be  greatly  increased  by  duplicating  the  wires  through 
which  the  current  passes.  This  is  best  accomplished  by  taking  an 
insulated  wire  and  arranging  it  in  the  form  of  a  coil  or  helix. 
This  helix  may  be  flat  or  round,  as  best  suits  our  purpose.  If  in 
or  on  such  a  coil  we  place  the  needle  of  a  compass  free  to  move 
upon  its  axis,  it  will  arrange  itself  at  right  angles  to  the  wire 
forming  the  helix  whenever  the  current  passes  through  it. 


THB   QALVANOMKTEB. 

A  galvatiometer  is  an  instro- 
ment  for  measuriDg  a  galvanic 
current  and  allowing  its  direc- 
'  tion. 

A  gab'anoacope  is  an  instru- 
ment wliicli  indicate^)  the  pres- 
siB  from  poini  lo  point  3SxT  ineha.  ence  of  a  galvanic  current 
These  instruments  are  constructed  on  the  principle  (first 
dis<i'vere«l  bv  Prof.  Oersted,  of  Copenhagen)  that  if  a  wire 
conducting  an  electric  current  be  placed  in  the  magnetic 
meridiun.  it  will  cause  a  magnetic  needle  freely  suspended 
abr^ve  it  to  deflect  from  the  magnetic  north  and  south  poles. 
The  amovnt  of  deflection  bears  a  relation  to  the  quantity  of 
electricitr  traversing  the  circuit,  and  the  direction  of  the  de- 
flection depends  u|K>n  the  direction  of  the  current. 

Elaborate  instruments  are  required  for  accurate  current 
measurement,  which  are  altogether  too  delicate,  bulky  or 
es]>ensive  for  medical  use.  Tlie  instrument  shown  in  Fig. 
•lo  aflords  an  approximate  measuremeat,  which  is  sufficiently 
accurate  for  all  practical  purposes. 

It  consists  of  a  magnetic  needle,  freely  movable  over  a 
gnuUiated  cin.'l>.s  tustened  to  a  liard-rubber  base,  beneath 
whidi  is  a  lai^re  mil  nf  extremely  tine  wire.  Each  end  of 
thv  tMil  is  cimiiivied  with  one  of  the  binding  posts  on  the 
ruhlicr   base. 

It  is  an  itnjMiriant  adjinu-t  to  the  galvanic  battery,  for  in 
many  therrt|HUiinil  apiilitatioiis  it  is  of  the  greatest  inipoi^ 
tauiv  to  know  the  working  itunHtion  of  the  wlls  and  the 
diif.-ti.-n  of  till- .-nm-iit. 

■\'\w,fk-<,>luU-  ,MlMi„>i<ut<r  ■  iHill!-,,m>i.,t,i-v,s  it  is  called  — 
gives  tlio  str,-iigtli  of  tlio  rurrcnit  in  wil/i-,im/k-fr.t,  when  tlie  resist- 
aniv  of  tlie  body  is  iiitr»«tuw>d  into  iIk>  circuit,  and  may  also  be 
used  to  indicatu : 
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1.  The  direction  of  the  current. 

2.  Its  polarity. 

3.  The  relative  strength  of  cells  tested  separately. 

4.  The  variation  in  strength  of  any  one  cell  at  different 
periods,  to  determine  when  it  has  run  down  or  needs  replenish- 
ing. 

The  first  cell  connected  with  this  galvanometer  deflects 
the  needle  a  certain  number  of  degrees,  hut  joining  a  second 
cell  to  the  first  does  not  give  twice  the  defi^ection^  or  a  thirds 
three  times  a^  much  as  one  alfme.  The  reason  of  this  may 
be  found  given  under  the  head  of  arrangement  of  cells, 
where  it  was  shown  that  joining  cells,  with  elements  in  alter- 
nation, increases  the  electro-emotive  force  greatly^  hut  increases 
the  quamtity  slightly.  The  electro-moti/ve  force  of  a  cun^ent 
bears  no  direct  relation  to  its  magnetic  force,  but  quantity 
of  a  current  does  bear  a  direct  relation  to  its  magnetic  force; 
therefore,  increasing  electro-motive  force  does  not  increase  the 
deflection  of  the  needle,  but  increoMng  the  quantity  does  in- 
crease the  deflection  up  to  a  certain  limit,  beyond  which  it  is 
impossible  to  increase  the  deflection  by  any  number  or 
arrangement  of  cells. 

TO   DETERMIXE   THE    PRESENCE   AND   DIRECTION   OF   A   GALVANIC 

CIRRENT. 

/I  Place  the  galvanometer  in  such  a 
position  that  O  (or  N)  is  toward  the 
north,  and  the  needle  is  pointing  directly 
to  N  and  S.  Connect  that  pole  of  the 
battery  supposed  to  be  positive  with 
binding  post  next  O,  and  the  negative 
with  the  other.  The  instant  this  is 
done,  if  there  is  a  current,  it  passes 
through  the  coil  beneath  the  base  and 
deflects  the  north  (loaded)  end  of  the 
needle  to  the  east.     If  the  negative  bat- 


N 


Fig.  26. 
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tery  pole  be  connected  with  the  binding  po8t  next  O,  and  the 
circuit  be  completed  with  the  positive  at  S,  the  north  end  of 
the  needle  will  be  deflected  to  the  west. 

No  Deflection  indicates   either  that  the  fluid  is   exhausted 
or  the  connections  are  defective. 


THE    COMPARATIVE    STRENGTH    OF    THE    CURRENT. 

When  the  circuit  is  first  completed,  tlie  needle  moves  rap- 
idly to  and  fro,  but  soon  becomes  quiet  at  an  angle  with  its 
former  position.  This  angle  is  a  measure  of  the  deflection  and 
a  comparative  measure  of  the  strength  of  the  current.  The 
deflection  will  differ  in  two  similar  cells,  provided*  {a)  The 
elements  in  one  are  immersed  deeper  in  fluid  tlian  the  other. 
(b)  If  the  elements  in  one  have  been  used  longer  than  those 
in  the  other,  (c)  If  the  fluid  of  one  has  been  used  more  than 
the  other. 

The  following  table  is  given  as  an  example  of  the  varia- 
tions of  this  galvanometer  when  testing  a  series  of  cells  which 
separately  gave  the  same  deflection,  namely,  60°: 


2  cells  gave 
5 


I* 


u 


68° 

740 

78° 
80° 


6  to  13  inc.  gave 82*» 

14  and  15,      "      83*» 

16    to    24,      "      84*» 


A  subsequent  test  of  this  same  series  by  electrolysis  proved 
that  the  deflections  of  the  needle  were  not  an  accurate  meas- 
ure of  the  working  power  of  the  current.  Since  the  addition 
of  cells  one  by  one,  from  6  to  13,  did  not  increase  the  de- 
flection, it  might  be  supposed  that  there  was  a  detect  in  the 
connections,  but  the  amount  of  electrolysis  performed  each  time 
a  cell  was  added  showed  a  regular  increase. 

The  amount  of  deflection  caused  by  a  freshly  charged  cell 
is  a  guide  to  its   subsequent   condition.      When  it  commences 
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"to  run  down,"  the  deflection  grows  less  and  less,  and  it 
ceases  altogether  when  the  fluid  is  exhausted  or  the  elements 
destroyed. 

THE  DEFLECTION  OF  THE  COMPASS-NEEDLE. 

Minute  quantities  of  electricity  are  suflScient  to  disturb  the 
position  of  a  compass-needle ;  and  this  fact  is  frequently  taken 
advantage  of  by  dealei*s  in  various  so-called  electrical  appli- 
ances to  convince  the  ignorant  of  the  enormous  amount  of 
electricity  furnished  by  them.  A  magnetized  penknife  will 
disturb  the  needle  equally  as  much,  and  possesses  fiilly  as 
much  therapeutical  power,  as  many  of  the  electrical  devices  put 
on  the  market  in  the  guise  of  belts,  jackets,  discs,  etc.  etc. 

BINDING    POSTS. 


PlO.  27. 


A,  B  and  0  represent  binding  posts,  which  are  usually 
made  of  solid  brass,  and  in  the  better  class  of  batteries  are 
nickel-plated  to  preserve  them  from  rust,  corrosion,  etc.  They 
terminate  below  in  a  screw,  by  which  they  are  fastened  upon 
the  battery  base  and  connected  directly  or  indirectly  with  the 
elements.  They  serve  frequently  to  fasten  the  elements  to  the 
lower  surface  of  the  base.  Their  upper  part  contains  a  hole 
or  socket  to  receive  the  tips  of  conducting  cords.  A  repre- 
sents the  style  preferred  for  measuring  apparatus,  and  other 
purposes  where  a  very  perfect  connection   is  important.     Tlie 
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cord  tip  is  inserted  in  the  side  and  the  thumbscrew  is  turned 
firmly  down  upon  it,  giving  firm  and  perfect  contact  over 
proportionately  a  considerable  surface.  B  represents  a  com- 
mon form  of  binding  post,  which  receives  the  cord  tip  in  the 
socket  indicated  by  the  dotted  lines.  This  makes  good  connec- 
tion, provided  the  tip  fits  tight  and  the  socket  is  clean.  Fluid 
dropped  upon  the  post  may  cause  rust  in  the  socket,  and  as 
the  current  does  not  pass  readily  through  rust,  it  is  evident 
that  its  strength  may  easily  be  impaired  by  carelessness  in  this 
particular.  Binding  post  C  is  similar  to  the  others,  except  that 
it  has  a  slot  in  addition  to  the  socket.  It  is  used  on  the  end 
of  battery  bases  to  receive  a  movable  bar  wliich  forms  the 
connection  between  them  as  hereafter  described. 

CONDUCTING   CORDS. 

Every  part  of  a  battery  circuit  must  be  of  metal,  with 
the  exception  of  the  substance  or  body  included  between  two 
points  of  the  circuit  upon  which  the  current  is  expected  to  act. 
The  connection  between  the  binding  posts  and  electrodes  may 
be  composed  of  a  single  wire,  or  a  bundle  of  wires. 
In  either  case  it  is  essential  that  they  be  well  insulated, 
otherwise  a  portion  of  the  electricity  may  escape,  if  acci- 
dentally brought  in  contact  with  a  good  conductor,  and  the 
operator  will  fail  in  securing  tlie  full  strength  of  the  cur- 
rent at  the  point  where  it  is  needed.  When  a  single  wire  is 
employed,  it  is  usually  coated  with  gutta-percha  or  a  woven 
covering  saturated  in  paraffine.  It  should  be  of  sufficient  size, 
pure  and  well  annealed.  All  conducting  wires  lose  a  portion 
of  their  conducting  power  by  being  frequently  bent. 

For  medical  application  outside  the  bath,  the  conducting 
cords  were  formerly  composed  of  a  bundle  of  very  fine  wires, 
inclosed  for  insulation  in  a  double  woven   covering  of   cotton, 
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worsted  or  silk.  Silver  wire  ranks  as  the  best  conductor,  per- 
fectly pure  copper  the  second,  and  alloy  the  third  on  the  list. 

When  great  heat  is  required  for  any  purpose,  as  in  galvano- 
cautery,  that  part  of  the  circuit  between  the  conducting  cords 
must  be  composed  of  a  wire  which  offers  great  resistance  to  the 
passage  of  the  current.  Platinum,  a  poor  conductor,  fused  with 
difficulty,  is  employed.  At  present,  the  best  conducting  cords 
for  medical  purposes  are  composed  of  alloy  in  the  form  of  ex- 
ceedingly fine  flattened  wire  resembling  foil,  wound  around  a 
stout  thread  to  give  it  strength,  several  of  these  threads  being 
twisted  in  a  strand,  and  several  strands  being  twisted  together 
after  the  manner  of  a  cable,  all  being  inclosed  in  a 
double  woven  covering.  By  this  means  a  very  large  metallic 
surface  is  obtained  in  a  very  small  space,  which  is  perfectly 
flexible  and  less  liable  to  breakage  than  conductors  composed 
of  a  bundle  of  tine  copper  wires. 

Bifurcated  cords,  A  short  cord  is  joined  to  a  long  one 
at  such  a  distance  from  the  end  as  to  make  two  equal 
branches.     It  is  used  for  two  distinct  purposes. 

1.  A  current  selector,  to  bring  any  number  of  cells  in  a 
given  series  into  the  circuit 

2.  To  divide  the  current.  The  single  end  of  the  cord  is 
inserted  in  one  binding  post  as  usual,  and  the  double  end  is 
attached  to  two  electrodes,  which  are  located  on  the  points 
between  which  the  current  is  to  be  divided.  The  single  cord 
irom  the  alternate  pole  is  attached  to  an  electrode  that  is 
usually  located  at  some  indifferent  point 

The  passage  of  electricity  through  a  conductor  favors  molecu- 
lar changes.  Because  of  these  changes,  a  wire  that  in  the  begin- 
ning may  have  been  tough  and  fibrous  in  character  becomes  brittle 
and  crystalline.  The  stress  put  upon  a  wire  by  the  frequent 
bendtngs,  though  slight,  aids  in  producing  this  molecular  cliange. 
As  the  point  where  the  mechanical  disturbance  is  greatest  is  near 
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the  end,  the  point  of  breakage  will  also  be  found  to  be  located 
here.  This  source  of  current  interruption  is  frequently  overlooked. 
When  a  battery  is  in  good  working  t)rder,  and  a  current  can  be 
detected  by  the  lingers  placed  on  the  binding  posts,  while  a  cur- 
rent cannot  be  obtained  from  the  electrodes,  it  is  almost  certain 
that  the  metallic  connection  within  the  cord  is  severed. 

C(yrd  tips.  It  is  necessary  that  there  be  close  contact  be- 
tween the  metal  tips  of  the  conducting  cords  and  the  sockets 
of  the  binding  posts  over  their  entire  surface,  or  as  much  of 
it  as  possible.  The  tips  should  be  adjustable,  so  that  the 
operator  can  repair  the  cords  when  broken  without  the  delay 
of  sending  them  to  the  shop.  There  are  two  styles  of  ad- 
justable tips.  One  is  merely  a  thick  wire  turned  up  at  one 
end  to  form  a  ring,  to  which  the  metallic  portion  of  the  cord 
is  fastened  by  line  copper  wire,  the  insulating  cover  being 
drawn  back  to  expose  it,  and  afterward  drawn  up  close  to 
the  tip  and  fastened  there. 


A  c  B 

Fig.  28. 

THE  Mcintosh  tip  for  conductino  cords. 

The  style  of  tip  shown  in  Fig.  28  is  a  convenient  one, 
and  gives  very  complete  contact  with  the  binding  post.  A 
shows  it  adjusted  for  use ;  B  and  C,  the  separate  parts  when 
unscrewed  to  mend  the  cord.  After  locating  the  break,  C  is 
moved  past  the  point  an  inch  or  two  and  the  cord  cut  off  at 
the  bn>ken  point ;  the  metallic  cable  is  exposed  by  drawing 
back  its  insulating  cover  and  is  tied  in  a  knot  to  prevent 
its  slipping  through  C.  The  cover  is  drawn  up  to  the  knot 
and  fastened  down  with  a  thread,  just  behind  the  knot  and 
trimmed  off.  C  is  now  moved  up  to  the  knot,  but  not 
over  it     B   is   screwed   in  place  and  the  cord  is  as  good  as 
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ever,  except  that  it  is  shortemid.  It  is  important  that  tlie 
metallic  threads  of  the  cord  should  be  in  contact  with  tlie 
socket  of  B ;  if  hy  any  oversight  the  insulating  cover  be 
inclnded  iu  the  knot  so  as  to  cover  it  in  the  socket,  the 
of  the  i-iiiTent  will  ho  partially  or  wholly  prevented. 

T/w  Connector  is  a  convenient  device  for  cimnecting 
conducting  cords  having  tips  of  different  size  with 
r-arious  styles  of  instruments  used  in  applying  an  elec- 
tritail  current, 

A  is  a  small  socket  in  which  the  cord  tip  is  firmly 
fastened  by  the  thumbscrew. 

a  large  socket  cut  in  threads  to  receive  the 
screw  which  terminates  the  instrument.  Several  styles 
and  sizes  of  tliis  usetiil  little  connector  are  made. 


A 

r 


SECTION  OF  THE  McINT08H  GALVANIC  BATTEEY. 
A,  baae  and  elemanu.    B*.w  3^X7  Incben.   ElemeuM  ix^^. 
B  aell  wcUon.    Lengtb.SK  Iu,;  width,  3^  In.;  belgbl,4iii. 
PAN.  luaUlve  and  cegBUre  polea. 
1, 1,  t,  elc.,  bludlug  pwiti. 
c,  I,  C,  etc..  carbon  and  tiae  elements. 
D.  drip-cap. 
C  C.  cell*. 

Element  section  A  is  composed  of  a  polished  hard-rubber 
I  base,  lined  with  soft  rubber,  whicli  serves  the  purpose  of  a 
L  hydrostat.      The  elements  are  fastened  direct  to  metal  bridges, 
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and  these  are  attached  to  the  base  by  the  screws,  which  ter- 
rainate  the  binding  posts.  They  are  arranged  so  that  post  P 
is  connected  with  a  single  carbon,  and  post  N  witli  a  single 
zinc ;  the  remaining  posts  are  each  connected  with  a  pair  of 
elements. 

The  cell  section  B  is  composed  of  vulcanized  rubber.  It  is 
divided  in  halves  by  a  partition  of  the  same  material;  one-half 
is  subdivided  into  six  equal  parts  called  cells,  which  receive 
the  riuid.  The  undivided  half  forms  the  drifKJup,  in  which  the 
elements  are  placed  when  they  are  not  in  use. 

Arrangement  of  Elements  in  the  Fluid.  When  the  ele- 
ments are  immersed  in  the  fluid,  their  arrangement  is  as  fol- 
lows :  The  first  cell  contains  the  single  carbon  attached  tc 
post  P  1^  and  the  zinc  attached  to  post  1.  The  second  cell  con- 
tains the  carbon  attached  to  post  1,  and  the  zinc  attached  to 
post  2,  and  so  on,  the  last  cell  containing  the  carbon  attached 
to  post  5  and  the  zinc  attached  to  }>ost  6. 

Direction  of  current  lohen  one  cell  is  in  circuit.  The  cur- 
rent generated  by  the  zinc  in  the  first  cell  passes  across  the 
fluid  to  the  carbon ;  from  thence  up  through  post  P  1  and 
the  circuit  back  to  post  1  and  down  to  the  zinc.  Binding 
post  P  1  is  the  positive  pole,  and  binding  post  1  the  negative. 
When  any  number  <f  celh  are  in  circuity  the  post  to 
which  th(^  last  zinc  in  the  series  (the  one  farthest  from  P  1) 
is  attached  forms  the  negative  ])ole,  while  P  1  remains,  as 
before,  the  ])ositive  pole.  Suppose  three  cells  are  included. 
The  current  gencM-ated  by  the  zinc  in  tlie  third  cell  passes 
through  the  liquid  to  the  carbon,  up  this  to  the  metal  bridge 
fastened  to  post  2,  over  the  bridge  to  the  zinc  in  cell  2  ;  the 
zinc  in  cell  2  generates  a  current  to  which  impetus  is  added 
by  that  received  fn>m  cell  3.  This  augmented  current  passes 
across  the  fluid  to  the  carbon,  up  to  the  metal  bridge  attached 
to   post   1,  and   over   to   the  zinc   in  cell   1,   adding  to  it  the 
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|<additiona1  impetus  gaiDci]  from  tho  two  precising  cells ;  tbie 
ses  across  to  carbon  connected  with  P  I,  up  tliPi>ugh  tbis 
)ost  and  the  ponducring  cord  attached  to  it,  through  the  circuit 
I  post  3,   and  thence  to  the  zinc  element  where  the  current 


Ijeaeth,  IS  in.;  irldth,  S><  In.:   tieigbt,  Ti^ 

The  phjsician  who  uses  electricity  in  general  practice  has-oo- 
eion  frequently  to  apply  the  galvanic  current  at  a  distance  from 
I  office.  For  this  purpose,  a  compact  instrument  capable  of 
"gS^ing  *  current  strong  enough,  not  only  for  general  application, 
but  for  any  case  of  electrolysis  that  may  be  presented,  is  essen- 
tial, aad  it  is  also  essential  that  such  an  instrument  be  not  too 
avy  to  be  conveniently  portable.  The  galvanic  batteries  in- 
nted  by  Dr.  Mclntosb  meet  these  I'equirements  fully.  They 
not  only  compact,  perfectly  portable,  and  easily  kept  in 
"der,  but  they  are  the  most  powei-fiil  galvanic  batteries  made, 
1  the  exception  of  those  intended  solely  for  galvano-cantery. 
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Each  cell,  when  freshly  charged,  has  an  electro-motive  force 
of  two  volts.  These  cells  are  arran:?ecl  in .  sections  of  six,  so 
that  only  six  j)airs  of  elements  are  exposed  to  the  action  of 
the  rtuid  at  once,  and  of  these,  any  single  pair  may  be  used 
sejMirately.  Ry  this  ingenious  arrangement,  the  fluid  and  ele- 
ments throughout  the  entire  battery  may  be  used  up  uniformly, 
instead  of  having  the  bulk  of  the  work  fall  upon  the  first  cells 
in  tlu»  series,  jis  is  usually  the  case.  As  the  full  number  of 
twenty-four  cells  are  rarely  required  for  any  operation,  all  sec- 
tiiuis  iu>t  actually  needed  should  be  omitted  from  the  circuit, 
to  8orvi»  jw  a  /vver/v  /Jz/rt*,  ready  to  be  brought  into  service 
when  nu>!'e  i)ower  is  n^quireii,  or  when  the  current  from  those 
in  use  falls  1h»1ow  that  necessary  to  accomplish  the  work  in 
hand,  either  fi'om  j>olarization,  exhaustion  of  fluid,  or  destruc- 
tion of  elements.  As  all  single  fluid  cells,  without  exception, 
fall  iH>nstantly  (\\m\  the  power  they  j)ossess,  when  the  circuit 
is  lii*st  cIosihI,  fixvsh  evils  may  l>e  added,  one  by  one,  to  keep 
the  stit^ngth  of  the  eurn^nt  uniform.  The  foMowing  features  of 
thest^  admimbK*  insinnneuts  uihhI  onlv  to  be  referred  to,  as 
thtMr  vahie  will  Ih»  at  oniv  appariMit : 

I,  When  the  battery  is  closed,  e*ich  Ci41  section  is  tightiy 
iHweitnl,  so  that  no  liquid  omi  eseajn*  trwu  the  cells. 

i^  When  the  batterv  is  not  in  use,  the  elements  are  con- 
tained  in  empty  ilrip-eups,  thus  pn^sorx'ing  them  from  all 
l^*^^ihili^^   of  waste  fw^xw  Un^al  aetion. 

Ji.  The  ehnMiNHle  ho\  is  sso  plaixnl  that  the  battery  cannot 
U^  elostnl  so  lon^  as  any  s\H*ti\^i\  \»f  elements  remains  in  the 
tluid, 

I,  'ri\e  eurit^nt  is  started  b\  simply  Ut\ing  a  section  of 
elements  to  the  n^^ht  so  as  t\^  inunei^se  them  in  the  fluid.  The 
haiuUes  on  the  lmso»  serve  t\*  lit^  the  s^vtion^s  and  also  as 
spriu^js  t\^  pi\wn  then\  \l\»wu  tlrmh  \m  the  wils  when  the 
i^^Uer^   \?*  \'K^hI« 
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5,  If  at  any  time  during  treatment  the  cnrrent  fails,  new 
sections  may  be  made  ready  in  an  instant,  and  those  already 
used  may  be  omitted  from  tiie  circuit.  This  is  an  inestimable 
advantage  in  certain  electrolytic  operations.  New  cells  may 
be  added  during  the  operation  without  shock  to  the  patient, 
and  without  breaking  llie  circuit,  by  using  the  bifurcated 
oord  as  a   current  selector. 

7.  The   cells,  being   of  hard    rubber,   are    not    injured   by 
I  leaving  the  fluid   in   them   constantly. 

8.  Since  the  availabl-e  strength  of  current  depends,  among 
other  conditions,  upon  uniformity  of  element  surface  immersed 
in  fluid,  a  glass  measure  is  sent  out  with  these  batteries, 
graduated  to  show  the  amount  of  fluid  required  for  one  cell, 
BO  that  all  may  be  flUed  alika 

9.  When  it  is  necessary  to  clean  the  cells,  they  can  ho 
lifted   out,   emjitied,  and  washed  like  an  ordinary  cup.     Since 

'  the  connections  between  elements  are  not  disturbed  in  the 
process,  the  work  of  cleaning  the  battery  may  be  intrusted 
to  any  one  who  is  sufficiently  careful  not  to  spill  the  fluid 
upon   the   metal   work. 


■TOMATTO   RilEiyrOME- 

R.  Tbe  cfUnder  ocmululng  olookwiirlc. 
A  P,  VlbmOng  Pendulum 
V.  Uavable  bell  ta  re^lala   laigth  of 
vibniliiin. 

B  B.  BladiDg  poala  tat  conaectlng  wllh 

K.  Kej"  for  winding  clockwork, 
W.  Wlnrtlne  pfaL 
S.  SuninKsnd  atoppiuBpoBl. 
Lengtb  of  base,  7i  la. ;  width,  U  In. 

The  automatic  rheotome  is  ddligned  to  produce  regular 
I  iotermptions  of  tlie  galvanic  current 

To  introduce  it  into  tlte  circuit,  CJonnect  one  binding 
\  post  B  with   the   positive  pole  of  the  battery,  and   the   other 
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post  B  with  an  electrode  that  is  applied  to  the  patient  The 
negative  pole  of  the  batter}'^  is  connected  with  the  patient  in 
the  usual  manner. 

To  start  the  rheotome.  Turn  post  W  with  the  key  in  the 
same  direction  as  when  winding  a  clock.  Remove  the  key  to 
post  S,  turn  it  slightly  to  the  right,  and  A  P  will  immediately 
begin  to  vibrate. 

To  regidate  tJie  interruptions.  Moving  P  nearer  A  shortens 
the  vibrator  and  increases  the  rapidity  of  the  interruptions ; 
moving  P  farther  from  A  causes  slower  interruptions.  They 
may  be  stopped  instantly  by  turning  post  S  to  the  left. 


Fio.  33. 

POLE  CHANGER. 
Length,  6-%  in.;  diameter,  1  in. 

The  pole  changer  not  only  changes  the  du*ection  of  the 
current,  but  also  produces  the  effect  of  a  current  interrupter 
while  the  change  in  polarity  is  being  made.  Tliis  instrument 
consists  of  H  hollow  polished-rubber  cylinder,  containing  within 
it  a  long  movable  arm  which  carries  a  pair  of  parallel  metal 
springs.  At  each  end  of  the  cylinder  are  two  binding  posts,  which 
have  metallic  connection,  with  two  brass  buttons  just  within  the 
cylinder,  with  which  the  spi-ings  make  contact.  The  thumb- 
screw M  is  attached  to  the  movable  arm,  and  when  moved 
the  length  of  the  slot,  in  the  cylinder,  carries  the  arm  with 
it  When  M  is  at  one  end  of  its  slot,  the  metallic  connect 
tions  through  the  instrument  are  j)arallol ;  that  is,  the  cur- 
rent which  entei-s  at  A  comes  out  at  \\  passes  through  tlie 
circuit  and  back  to  I),  emerging  at  (I  When  M  is  moved 
to  the  other  end  of  its  slot,  the  curn^it  entering  at  A  passes 
out  at  D,  and,  returning  thix)ugh  the  circuit  at  l\  emerges  at  C. 
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To  use  thu  pfjh  chancer.  Connect  A  and  C  with  tlio  two 
poles  of  tlie  battery,  B  and  D  witli  two  electrodes,  and  com- 
plete tbe  circuit  as  nsual.  Move  M  to  and  fro  to  change  the 
polarity  at  suitable  interrals. 


THE   MOINTOaH  OALTANIO   BELT. 


belt  is  constmcfed    on    tbe    piia- 
It  consists  of  a  series  of  cells  placed 

T7i6  ceUa  are  eom- 
:d    of    vulcanized 
rubber,  lined  with  cop- 
per. TliL' rubber  serves 
two  purposes  ;   it  pre- 
vents leakage  and  in- 
sulates tLe  cells  so  that 
the  electricity  genera- 
ttjd  within  cannot  es- 
cape except  thi-ougli  the 
conducting  wires.     The  copjier  lining  forms  the  collecting  plate. 
The  generating  plat«  is  zinc,  wrapped  in  a  porous  material  which 
sbeorbs  the  exciting  iluii:!  and  prevents  any  accidental  escape 
from  the  cells.      Tlie  zinc-  element  in  one  cell  is  joined  to  the 
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copper  of  the  next  by  a  short  copper  wire,  so  fastened  as  to 
permit  a  hinge-like  motion  between  the  cells,  making  the  belt 
perfectly  pliable. 

The  belt  is  charged  by  dropping  a  little  diluted  vinegar 
or  acetic  acid  *  in  each  cell.  A  drop-tube  is  furnished 
with  the  belt  to  facilitate  this  process.  The  porous  material 
of  each  cell  (that  is  to  be  included  in  the  circuit)  must  be 
thoroughly  wet  with  fluid. 

Caution,  It  is  not  unusual  for  those  unfamiliar  with  the 
principle  of  the  voltaic  pile,  to  endeavor  to  increase  the 
strengtli  of  the  current  by  using  a  larger  proportion  of  acid, 
or  pure  acid ;  the  result  is  a  sharp  current  and  chemical 
action  of  such  intensity  as  to  produce  rapid  polarization,  in 
consequence  of  which  the  current  ceases  to  pass  through  the 
conducting  cords. 

The  strength  of  the  current.  This  varies  constantly  from 
the  time  the  circuit  is  closed  until  the  fluid  becomes  exhausted. 
When  all  the  cells  are  in  circuit  and  freshly  charged,  the  current 
has  a  strength  of  about  four  volts,  and,  if  kept  working  through 
a  resistance  equal  to  that  of  the  human  body,  will  retain  this 
strength  for  nearly  twelve  hours ;  it  then  perceptibly  decreases, 
but  is  capable  of  producing  a  therapeutical  effect  for  about  twenty- 
four  hours  after  it  is  charged,  or  .until  the  porous  filling  of  the 
cells  becomes  dry.  This  belt  furnishes  a  current  of  sufficient 
potential  to  decompose  water,  and  this  experiment  is  the  best 
mode  of  testing  the  relative  strength  of  the  belt. 

The  Electrodes  are  thin  plates  of  metal,  covered  with  flannel, 
sponge,  or  chamois  skin,  connected  with  the  cells  by  means 
of  conducting  cords,  and  are  fastened  on  the  paiis  to  which 
the  current  is  to  be  conveyed.  Elastic  bands,  which  fasten 
with  a  convenient  clasp,  are  used  to  retain  the  electrodes  in 
place.     Tiie  cover  of   the  electrodes  must  be  moistened   with 

*  Dilute  acetic  acid  here  referred  to  contains  one  part  acid  to  ten  parts  water. 
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water  (in  rare  cases  with  salt  and  water  or  acidulated  water), 
and  placed  in  contact  with  the  skin.  The  current  will  not 
pass  through  dry  cloih^  sponge  or  chamois.  The  metal  elec- 
trodes applied  without  a  cover  directly  to  the  skin  produce 
considerable  irritation,  and  if  left  long  in  direct  contact  will 
blister,  especially  under  the  negative.  Metallic  instruments  of 
any  form,  such  as  needles,  metallic  discs,  etc.,  may  be  connected 
with  the  cords,  and  the  current  conveyed  through  them  the 
same  as  tlirough  ordinary  electrodes. 

Conducting  Cords. — These  are  similar  to  the  conducting 
cords  used  with  batteries.  Two  conducting  cords  can  be  attached 
to  either  pole  when  the  current  is  to  be  divided  between  two 
parts,  as  the  feet  or  arms,  etc. 

To  increase  or  decrease  the  number  of  cells  in  the  circuit. 
Always  remove  the  cord  in  connection  with  the  zinc  to  make 
any  change  in  the  number  of  cells  in  circuit,  and  replace  it 
between  the  zinc  and  its  cover  in  the  last  cell  of  the  series  to 
be  used.  For  example,  if  live  cells  are  wanted  in  circuit, 
leaving  the  cord  attached  to  the  copper  undisturbed,  connect 
the  negative  cord  with  the  zinc  in  the  fifth  cell. 

The  practical  advantages  of  the  belt.  The  belt  is  especially 
adapted  to  those  cases  that  require  either  a  general  or  local 
application  of  an  uninterrupted  galvanic  current  of  small  quan- 
tity for  a  long  time,  either  to  improve  nutrition  (innervation) 
to  excite  absorption^  or  to  produce  a  chemical  change  in 
secretion. 

For   tlie   first   purpose   named,  one  electrode  (to   which  a 

large  sponge  should  be   attached)  is  placed  over  that    portion 

of  the  nerve-centers  to  be  influenced,  and  the  other  over  the 

'  special  organ  most  implicated  in  the  constitutional  derangement. 

When  applied  to  single  organs,  to  reduce  irritation  the 
positive  electrode  should  be  placed  over  the  nerve-roots,  as 
shown  in  Fijr.    73,   and  the   nefi^ative  r^'^'^r  the  o''<yan    to  be 
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influenced ;  the  best  locality  for  this  can  be  determined  by 
consulting  the  "  landmarks ''  on  Fig.  74.  If  the  male  sexual 
organs  are  to  be  treated,  a  suspensory  bandage  specially  made 
to  accompany  the  belt  can  be  used  for  one  electrode,  wliile  the 
other  pole  is  placed  over  the  pelvic  ganglia.  To  stimulate  or 
to  excite  absorption,  the  current  must  be  carried  through  the 
nerves  in  the  opposite  direction,  that  is,  the  negative  over  the 
brain,  spine,  or  nerve-roots,  and  the  positive  over  the  periphery 
of  the  nerves. 

In  the  treatment  of  ulcers,  to  change  the  nature  of  the 
secretions  it  must  be  remembered  that  those  in  contact  with 
the  positive  pole  are  changed  to  an  acid  state,  and  those  in 
contact  with  the  negative  to  an  alkaline,  as  a  piece  of  litmus 
paper  will  readily  show. 

If  it  is  thought  desirable  to  apply  this  cuiTent  to  a  single 
muscle,  or  group  of  muscles,  the  electrodes  should  be  very 
small,  and  should  be  located  according  to  the  motor  points 
of  the  special  muscles  to  be  treated. 

Duchenne  discovered  that  certain  forms  of  paralysis  re- 
ceived most  benefit  from  electricity  when  its  application  was 
accompanied  by  what  he  termed  "mental  gymnastics,"  that 
is,  when  the  patient  exerted  his  will  to  produce  contraction 
of  the  paralyzed  muscles  at  tlie  f-ame  time  that  a  current 
was  passing  through  them.  The  belt  furnishes  a  current  that 
may  be  conveniently  applied  for  this  purpose. 

Dr.  Poore*  claims  priority  for  the  "combination  of  a  con- 
tinuous galvanic  current  with  voluntary  muscular  exercise." 
His  clinical  observations  lead  him  to  believe  that  during  the 
passage  of  the  polarizing  current  the  voluntary  mental  stim- 
ulus acts  with  greater  effect  on  the  muscles,  or,  in  other  words, 
the  contracting  power  of  the  muscles  is  increased.  Other  uses 
of  the  belt  will  be  suggested  under  electrolysis. 


•A  Text-Book  on  Electricity  In  Medicine  and  Surgery.    G.V.  Poore.  M.D..  M.R,C.P, 


GALVANISM.  135 

THE     MCINTOSH    GALVANIC    Sl.-pPORTKR, 

This  consists  of  a  metallic  attachment  to  the  Mcintosh 
tTterine  Supporter  Cop.  for  the  purpose  of  conveying  a.  galvanic 
current  directly  to  the  cervix. 


K.    HeelrodelalUllelooliIgh 

riati  r^oa. 

M.    The  meUl  lined  uterine 


N.   The  utid  of  Ihe  metal  rod   i 

Blem  to  U.    U  \n  enUi^ed  In  Uia    I 
oul  to  make  It  visible. 

WW.    Conducting conla. 
as.    Soft-rubber  corda  which 
F[a.  3S.  retain  the  cup  in  poBiCion. 

Two  conducting  cords  may  be  connected  with  O,  to  divide 
the  current  between  two  'electrodes,  so  that  one  may  be  applied 
over  each  ovary,  or  one  over  the  median  line  in  front  and 
the  other  over  the  sacrum.  The  cup,  being  of  hard  nibber, 
ia  a  perfect  insulator;  the  current  passes  only  to  that  part 
of  the  cervix  in  contact  with  the  metal  lining  the  cup.  Tlie 
cervix  should  be  examined  from  time  to  time  to  guard  against 
lo<i  inoch  action  on  the  tissues.  There  exists  great  diUerence 
of  opinion  as  to  the  value  of  an  electrical  current  thus  applied  ; 
the  evidence  for  and  against  it  is  so  incomplete  that  it  is  not 
deemed  advisable  to  enter  into  a  discussion  of  the  subject  here. 
This  method  ia  sometimes  adopted  in  the  treatment  of  atony, 
ulceration,   prolapsus,   etc.,   with  alleged  success. 

THE     PHYSIOLOGICAL     EFFECT    OF    THE    GALVANIC    CCRBENT, 

The  first  definite  knowledge  of  the  elFect  of  galvanism  on 
moscular  and   nervous  fiber,  which  we  have,  is  derived   from 
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the  experiments  instituted  by  Humboldt.  Aldini,  pupil  of 
Galvani,  was  the  first  to  apply  galvanism  to  the  treatment  of 
disease,  and  in  1S04:  he  published  a  book  at  Bologna  entitled 
''Theoretical  and  Experimental  Essay  on  Galvanism." 

Prof.  C.  Matteuci,  of  Pisa,  made  a'  long  and  thorough 
series  of  experiments  to  determine  the  influence  of  the  galvanic 
current  upon  the  animal  tissues,  and  his  conclusions  are  regarded 
as  authoritative,  having  been  repeatedly  confirmed  by  others 
from  time  to  time  since  he  originally  announced  them.  They 
may  be  briefly  summed  up  as  follows : 

1.  It  excites  sensation  at  one  time  and  contraction  at  an- 
other, according  to  the  direction  in  which  it  traverses  a  nerve. 

2.  It  does  not  excite  a  nerve  when  passing  through  it 
transversely. 

3.  Neither  contraction  nor  sensation  is  produced  when  its 
influence  upon  a  nerve  is  prolonged. 

4.  It  alone  has  the  property  of  increasing  or  diminishing 
the  excitability  of  a  nerve,  according  to  the  direction  in  which 
it  is  made  to  flow. 

5.  It  has  the  power  of  awakening  the  excitability  of  a  nerve 
after  all  other  stimulants  have  ceased  to  act. 

6.  When  a  galvanic  current  is  sent  through  a  limb  in  the 
opposite  direction  to  the  nerve  current,  a  muscular  contraction 
takes  place. 

7.  When  the  electrical  current  passes  in  the  same  direction 
as  the  ramifications  of  the  nerves,  a  stronger  contraction  takes 
place. 

Rosenthal  states  that  there  is  a  great  similarity  between 
muscles  and  glands  in  this  respect.  If  a  nerve  which  is  con- 
nected with  a  muscle  is  irritated,  the  muscle  becomes  active  ; 
that  is,  it  contracts;  and  if  a  nerve  that  is  connected  with  a 
gland  is  irritated,  the  gland  becomes  active  ;  that  is,  it  secretes. 
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ELECTROTON08. 

It  was  claimed  by  Matteuci  that  the  galvanic  current  exerts 
an  influence  over  the  nerves  it  traverses  only  at  the  time  when 
the  circuit  is  closed  or  opened,  since  at  those  instants  only 
can  a  muscular  contraction  be  produced.  Subsequent  observers, 
among  them  Du  Bois-Reymond,  confirmed  this  opinion,  and 
it  was  accepted  as  a  fact  until  Ritter  reported  the  following 
observation :  During  a  long  and  persistent  closure  of  a  strong 
galvanic  circuit,  if  the  current  be  carried  through  both  arms, 
the  hand  and  arm  in  contact  with  the  negative  pole  become 
less  and  less  mobile  until,  finally,  complete  rigidity  sets  in  ; 
whereas,  on  the  contrary,  the  hand  and  arm  in  contact  with  the 
positive  become  more  and  more  mobile  and  easy  to  move.  To 
this  changed  state  of  the  nerve-current,  during  the  continued 
passage  of  a  galvanic  current,  has  been  given  the  name 
dectrotonos. 

Pfluger  explains  the  fact,  viz  :  The  arm  on  the  positive  side  is 
traversed  by  an  upward,  and  on  the  negative  side  by  a  down- 
ward, current ;  no  perceptible  error  occurs  in  considering  it  the 
same  as  if  the  positive  pole  be  set  on  the  shoulder  of  the  down- 
wardly traversed  arm,  and  the  negative  in  the  hand  of  same ; 
wliile  in  the  upwardly  traversed  arm  the  position  of  electrodes 
is  reversed.  When  the  will  acts  out  from  the  brain  on  both 
arms  simultaneously,  it  acts  ahove  the  anode  in  the  downwardly 
traversed  arm,  or  in  the  same  direction  as  the  current  and 
behind  it,  while  in  the  upwardly  traversed  arm,  ahove  the 
cathode^  or  opposite  to  the  electric  current.  This  experiment 
was  the  first  discovery  of  electric  law  in  the  living  human 
being. 

ANELECTBOTONOS  AND  OATELECTEOTONOS. 

Pfltlger  has  also  shown  that  when  a  galvanic  current 
traverses  a  certain   length  of  nerve  it  divides  the   latter  into 
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two  sections  or  zones  which  physiologically  differ,  the  portion 
nearer  the  neirative  pole  having  its  irritability  increased,  and 
tlie  ix)rtioii  neiuvr  the  positive  having  its  irritability  decreased. 
Tliat  condition  of  the  nerve  next  the  negative  pole  has  been 
named  catelectrotonoa ;  that  next  the  positive,  anelectrotonos. 
Tliese  conditions  pass  into  each  other  at  a  point  between  the 
poles  called  point  of  indifference. 

LOCATION   OF  THE   POINT  OF  INDIFFESENGE. 

This  depends  upon 

1.  The  size  of  the  electrodes, 

2.  Tlie  distance  they  are  apart, 

3.  The  electro-motive  force  of  the  current, 

4.  The  length  of  time  the  application  is  continued. 

The  altered  or  polar  condition  of  the  nerve  extends  only  to 
a  certain  distance  from  the  electrodes,  and  when  they  are  very 
small  or  far  apart  a  considerable  extent  of  the  circuit  between 
them  may  constitute  the  "point  of  indifference,"  since  the  current 
traverses  the  fluids  rather  than  the  solids  of  the  body.  When 
the  current  is  feeble  (has  small  electro-motive  force),  the  point 
of  indiflference  is  moved  toward  the  positive  pole,  and  almost 
the  whole  extent  of  nerve  between  the  two  electrodes  may  be 
in  a  state  of  increased  excitability  (catelectrotonos) ;  with  a 
strong  current  the  reverse  is  true.  When  the  current  passes 
for  a  long  time  without  interruption,  the  "point  of  indifference" 
is  moved  toward  the  negative  pole,  or  the  section  of  diminished 
irritability  (anelectrotonos)  is  increased  ;  and  if  the  electro-motive 
force  of  the  current  be  at  the  same  time  increased,  the  zone 
of  increased  irritability  may  be  reduced  to  the  small  space  in 
the  immediate  vicinity  of  the  negative  pole,  and  after  thio 
inaximum  condition  is  reached  it  is  useless  to  continue  the 
current  longer. 
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Reaction.  Immediately  after  breaking  the  connection  reac- 
tion takes  place  in  both  sections  of  the  nerve,  the  one  which 
during  the  passage  of  the  current  was  in  a  state  of  diminished 
irritability  (anelectrotonos)  assuming  the  catelectrotonos  state, 
and  vice  versa.  This  gradually  subsides  and  the  nerve  resumes 
its  natural  condition. 

Alteration  hi  conditctinff  power  of  nerve.  The  galvanic 
current  also  changes  the  faculty  of  the  nerve  to  transmit  stimu- 
lation ;  that  portion  of  the  nerve  which  has  its  excitability 
diminished  offers  greater  resistance  to  the  transmission  of  the 
stimulation,  and  this  resistance  increases  with  the  duration  and 
electro-motive  force  of  the  polarizing  current. 

Effect  of  a  strong  current.  Repeated  and  strong  electriea,l 
shocks  weaken  and  invert  the  nerve-current.  It  should  be 
remembered  that  galvanic  stimulation  is  the  first  step  in  the 
electrolysis  of  the  nerve, 

LAW   OF   GALVANIC   STIMULATION. 

The  law  of  galvanic  stimulation  has  been  investigated  by 
Du  Bois-Reymond,  and  his  conclusions  are  briefly  these : 

1.  The  motor  nerve  is  stimulated  not  so  much  by  the 
density  or  quantity  of  any  given  current  as  by  its  variations 
from  one  instant  to  another. 

2.  The  more  rapid  and  sudden  the  fluctuations  of  the  cur- 
rent, the  greater  the  effect  produced  by  a  minimum  quantity 
of  electricity. 

3.  Frequent  change  in  direction  is  required  in  galvanic 
stimulation  of  a  nerve,  because  the  conductivity  of  a  current 
flowing  long  in  the  same  direction  is  decreased,  while  a  change 
increases  it. 

4.  There  is  no  doubt  that  the  brain  and  spinal  marrow 
may  be  affected   by  the  galvanic   current,  even  through  their 
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bony    i*overing.       The    latter    point    has    been    confirmed    by 
Ziemssen. 

METHOD  OF  APPLYING  GALVANISM. 

CVrtain  terms  are  applied  to  the  galvanic  current  to  dis- 
tinpiish  the  nietiiod   of  its  application. 

1.  Stabile  current  is  the  name  given  it  by  Remak  when 
the  electnxles  ai"e  kept  stationary  during  a  sitting. 

2.  Liibife  current,  when  the  negative  is  ma<le  to  glide 
over  the  surtai*e  in  the  direction  of  the  nerves  and  muscles 
to  bi^  actiHi  u|H>n. 

;>.  />rVNHv*/j<///u/  current  is  the  name  given  it  when  the  posi- 
tive eKH*trvxle  is  plac*iHl  over  the  plexus  or  roots  of  the  nerve, 
and  the  neir^uive  at  the  extremities. 

4.  JxN\v/4<///<f/  tv/r/\/*/,  when  the  negative  is  placeil  over  the 
i\x>ts  of  the  nerves  and  the  positive  at  their  extremity  or 
jKMnpherv. 

5,  An  incty\h\uuj  cutrtNt,  A  current  from  a  circuit  that 
is  Knui:  inorv^ised  by  ii»inini»  more  tvUs  in  the  series  from 
time  tv^  tin^o  duriui*  a  sitting. 

0*.  A  ii^rf\Kt.>iiU(/  canvnts  The  current  from  a  cireait  from 
which  ivils  ai\*  Knng  \Us^\*untvtt\l  ti\nu  time  to  time  daring 
a  sittiu^iT- 

o.  (f\v«c7\5,*  ',M!t\vii:ittu*f{,  is  a  term  indii*aiing  that  the  cur- 
rv^nr  is  appli^xl  tv^  the  whv^te  surfuw  during  a  sitting.  It  is  st>me- 
times  calU^l  the  <s /x^r  vu.»?:nn-  moihvHl.  IVarvl  and  Rockwell 
have  given  the  luuuo  K\u:^\i!  K^K^^tMnhiii'um  to  that  (^articular 
methvHl  of  emi^lv\N  lug  v;;vt\eral  g;dvaul::s^tivm  which  is  original 
wirli  t:iem.  Us  v^l\hvt  Is  tv^  ^ilug  the  br^i-.u  sma^il  coftL 
symr^ciu^^lo  aiul  i*acuiUv\j;ustrlo  uorvv\s  uuvler  rl-.o  lutlu^iKv  ^rf 
the  gii'v;4^'*lv*  ourrvut.  Hu^  uo^ativc  eUvcrwW  is  {.vAcwi  over 
the  epi^tiscriutu  whlU^  l^u^  l^^.xlU^v^  is  jyv^^ss^xl  ov^r  tht^  fore- 
betikU  top  v-f  hei*<U  iiU^iV^;:  the  uutov  U^t\Wr  of  the  stenKM.4eidD 
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mastoid  muscle,  from  the  mastoid  fossa  to  the  sternum,  and 
at  the  nape  of  the  neck  and  down  the  entire  length  of  the 
spine. 

6.  Localized  galvanization.  This  includes  cutaneous  galvan- 
ization, galvanization  of  nerves  and  muscles,  and  galvanization 
of  special  organs  and  senses.  This  is  usually  accomplished 
by  placing  one  metal  or  sponge  electrode  over  the  part  to  be 
treated  and  the  other  over  the  root  or  trunk  of  the  nerve 
supplying  it.  Another  method,  cjiUed  by  its  inventor  galvano- 
puncture^  is  supposed  to  have  been  first  used  by  Fabre-Pala- 
prat,  in  1828.  Its  first  scientific  use,  however,  was  made 
by  Magendie.  It  is  a  combination  of  electricity  with  acupunc- 
ture, which  is  little  used  at  present. 

DETAILS   OF  TREATMENT. 

To  prepare  the  patient  for  general  galvanization.  Dynamic 
electricity  does  not  possess  sufticieiit  potential  to  overcome  the 
resistance  of  the  clothing,  therefore  the  conductors  or  electrodes 
used  to  convey  the  current  to  the  body  must  be  in  direct  contact 
with  the  akin.  Since  the  current  flows  only  when  tlie  circuit  is 
complete,  two  separate  parts  of  the  body  or  tissues  treated  must 
be  connected  with  the  battery,  one  connection  being  made  with 
the  positive  and  the  other  with  the  negative  pole  of  the  battery. 
The  clothing  should  be  loosened,  so  that  the  current  may  be 
carried  by  suitable  conductors  down  the  whole  length  of  the 
spine  and  over  the  principal  organs  of  the  body ;  and  if  the  legs 
are  to  be  included  in  the  treatment,  the  feet  should  be  bare  and 
in  contact  with  one  of  the  conductors. 

The  room  in  which  the  treatment  is  given  should  be  suffi- 
ciently warm,  so  that  there  can  be  no  danger  of  the  patient's 
becoming  chilled ;  for  the  same  reason  the  conductors  or  elec- 
trodes should  be  warm.     AW  exposure  of  the  person  should  be 
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avoided  so  far  as  possible.  It  is  convenient  and  customary  to 
provide  a  shawl  or  blanket  to  be  thrown  over  the  patient  if  the 
sitting  is  to  be  long  and  the  application  very  general. 

The  battery  should  be  tested  before  commencing  to  ascertain 
whether  it  is  in  good  working  order  or  not.  A  galvanometw 
introduced  into  the  circuit  will  be  deflected  if  a  current  is  passing, 
as  alreadv  described.  An  excellent  test  that  has  several  advan- 
tiiges  over  all  others  is  to  apply  the  current  from  the  smallest 
number  of  ceils  to  be  used  to  the  operator's  tongue,  and  tlie 
current  from  the  largest  number  to  the  back  of  his  hand. 

Strength  of  current.  It  is  best  to  commence  with  a  current 
from  a  very  few  cells,  adding  others,  one  by  one,  to  the  series, 
if  necessary,  to  increase  tlie  strengtli. 

Tiie  galvanic  current,  imless  very  powerful,  produces  no 
marked  sensations  when  uninterrupted ;  frequently  the  patient 
does  not  feel  it  at  all  except  at  the  instant  the  circuit  is  closed  or 
opened  ;  therefore,  when  it  is  desirable  to  prevent  all  shock,  the 
electrodes  should  be  placed  in  position  before  the  circuit  is  closed, 
and  at  first  include  not  more  than  two  or  three  cells  in  circuit ; 
as  soon  as  the  current  is  started  cells  may  be  added,  one  by  one, 
without  causing  shock,  and  tlie  electrodes  may  be  moved  over 
the  surface  without  i^roducing  disagreeable  sensations,  provided 
their  c*ontact  with  the  surface  is  not  broken  during  the  applica- 
tion. Before  removing  tliem  or  breaking  the  circuit  the  current 
should  be  decreased,  c-ell  by  cell,  until  reduced  to  its  original 
strength. 

This  moile  of  regulating  the  stnnigth  of  the  current  (except 
for  very  sensitive  patients')  should  be  reserved  ft>r  sj^^ecial  cases, 
because  the  therai>eutical  etfeet  of  the  inrratfiimj  and  decreasing 
currents  differ  from  those  which  art>  niaintaininl  at  a  uniform 
strength  during  an  entirt*  sitting. 

It  nunj  hi'  laid  dotrn  as  a  gntrtst/  j^r/nri/^t  that  a  feeble 
current  used  for  a  short  t!me  jmntuiy.^  the  ij,yate.^t  therapeutical 
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ONE    STEP   IN   CENTRAL   OALVANIZATION. 

Mclntosli  eigli teen-cell  combined  galvanic  and  faradie 
battery  is  sliuwn  in  this  illustration.  The  positive  pole  is  con- 
nected with  the  electrode  on  the  head  of  tlie  patient  Three 
cells  are  in  circnit,  and  the  operator  is  taking  the  fonrth  cell 
into  circuit,  showing  the  method  of  using  the  bifiircat«d  cord  as 
a  current  selector,  and  of  producing  an  inGreaainij  current. 

The  long-handled  electrode  beside  the  battery  is  used  in  Fig, 
38  for  applying  iJie  current  to  the  skin  under  the  clothing. 
A  hydro-rheostat  is  in  the  circuit  (see  Fig.  51)  to  prevent  the 
current  from  producing  an  unpleasant  effect  u|>on  the  brain. 
It  is  not  need  with  the  galvanic  current,  except  when  the  latter 
is  interrupted. 

The  electrode  on  the  head  is  faced  witli  sponge,  which  should 
be  moist,  and  the  hair  also,  dry  liair  being  a  non-conductor.  It 
sfaoold  be  pressed  evenly  and  firmly  over  as  large 
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poBStble.  It  should  be  located  before  the  cireait  is  completed. 
The  negative  electrode  is  placed  over  the  stomach ;  the  vest 
should  be  unbuttoned  and  the  underclothing  drawn  aside  to 
permit  the  electrode  to  rest  on  the  skin. 

The  application  to  the  brain  should  not  exceed  one  or  two 
minutes,  if  a  stabile  current  is  used ;  with  a  labile  cnrrent  it 
may  be  four  minutes. 


ANOTHER  STEP  I.V   CENTRAL  OALVANIZATION. 

Cavtion.  All  applications  of  electricity  about  the  head 
should  be  made  with  every  precaution,  if  made  at  all,  in  cases 
where  the  symptoms  indicate  that  apoplexy  or  paralysis  may 
be  impending.  Dizziness  should  be  a  warning  that  the  current 
is  too  strong,  applied  too  long,  or  is  unsuitable  to  the  ease. 

Galvanization  of  the  neck  must  be  practiced  with  caution, 
since  giddiness  and  faintness  are  occasionally  produced.  Whilo 
applying  currents  about  the  sides  or  front  <)f  the  neck,  tho 
sensations  excited  in  the  patient  must  be  carefully  observed. 
Acts  of  swallowing  and  coughing  are  frequently  prodaced, 
especially  when  tho  negative  electrode  is  on  the  neck,  being 
caused,    probably,   by  the  irritation  of  the  superior  laryngeal 
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A  twelveKjell  combined  battery  is  shown  in  Fig.  38,  vrftli  twelve 
cells  in  circuit.  The  sections  are  united  by  a  bar,  which  may 
be  seen  between  tliem,  next  the  battery  top.  An  automatic 
rheotome  is  in  circuit  to  produce  an  interru])ted  galvanic 
current.  It  is  not  an  essential  feature  in  this  treatment,  but, 
being  sometimes  used,  it  is  introduced  in  the  illustration  to 
show  the  method  of  employing  it.  A  lady  patient  should 
loosen  her  clothing  at  the  neck  sufficiently  to  permit  the  free 
passage  of  the  long-handled  electrode  down  the  entire  length  of 
the  spine,  and  also  over  the  stomach  to  permit  locating  the  sta- 
tionary electrode.  When  the  liver,  spleen,  etc.,  need  a  special 
application  of  the  current,  the  dress-waist  and  corset  may  be 
removed,  and  a  shawl  be  thrown  over  the  shoulders  to  avoid 
exposure.  As  a  rule,*  that  operator  will  be  most  successful  in 
pleasing  lady  patients  who  manages  to  give  the  necessary  treat- 
ment with  least  disarrangement  of  clothing. 

Localized  galvanization.  This  method  of  employing  the 
galvanic  current  will  be  described  in  the  chapter  treating  of 
the  physiological  and  therapeutical  effect  of  electricity  upon 
the  various  nerves,  muscles,  and  organs  of  special  sense. 


CHAPTER  IV. 


ELECTROLYSIS. 


This  is  tlie  process  of  decomposing  a  compound  sabstanoe 
by  piissing  electricity  through  it.  One  portion  appears  at  the 
point  where  the  current  enters,  and  the  other  at  the  point 
whore  the  current  leaves  the  compound.  Faraday  gave  it  the 
muno  ehrtnofj/ifi^^  which  is  understood  to  refer  only  to  the 
changes  etfected  in  a  substance  stdjected  to^  but  not  gimng  rise 
Uk  the  current 

Tlie  |K)intii  at  which  the  electricity  passes  in  and  out  are 
calleii  e^/rTf/Ax/f^  \^frt>m  a  Greek  term  signitying  **way").  The 
}xnnt  of  ontnuiiw  (H)nnected  with  the  collecting  plate  of  the 
battery,  is  the  <i/kx/<»  (^upwanl  way);  the  point  of  exit,  con- 
necloil  with  the  zinc,  is  the  aithtxte  (downwanl  way).  The 
substanivs  actinl  u|H>n,  or  di*compi>seil,  are  called  tAe  electrolyte. 
The  elements  into  which  electn>lytes  are  se^^rated  are  called 
A*/*j{.  Tlu^si*  which  apjvar  at  the  jK^sitive  electrode  are  called 
(i/4<4>/K<  ;  those  at  the  negative  eUvtr^nles  the  iMtions. 

**SiniV  like  eUvtrioities  n^jH^U  and  unlike  attract  each  other/' 
the  anions  which  aj^in^ar  at  the  jMsitive  electnxle  must  be 
eKvirv^uegi4tive,  and  the  cations  that  ap^^ear  at  the  negative 
electAHle  must  W  eKvti\>-jH^sitivo, 

The  amount  i»f  diHHMutHViition  that  taki\5i  place  in  any  giTen 
cas*.*  anvl  the  j^rvnluots  of  it  dejHn\d  u|Kn\ : 
^^«^  The  slri^uglh  \»f  the  eurrxnu, 
yjS^   The  naiuM^  v^f  the  sulvHtauix^H  aotinl  u|K^n. 
\c^   The  material  v^f  which  the  elivtixnU^  are  cv^mpoeed. 
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The  amoant  of  chemical  effect  produced  on  water,  saline 
solutions,  etc.,  will  be  in  proportion  to  the  strength  of  the 
current.  It  has  been  estimated  that  for  every  32.7  grs.  of 
zinc  dissolved  in  any  cell,  provided  local  action  is  prevented, 
9  grs.  of  water  are  decomposed.  If  the  current  developed  by 
the  decomposition  going  on  within  the  cell  could  all  be  applied 
without  loss,  it  would  effect  an  equal  amount  of  decomposition 
in  the  electrolyte. 

Electrolysis  can  only  occur  when  the  substance  is  in  a 
liquid  or  semi-liquid  state,  so  that  the  particles  can  move 
freely.  Gordon  *  gives  this  explanation  of  the  electrolytic  pro- 
cess. The  molecule  next  one  electrode  is  broken  up,  one  atom 
going  to  the  near  electrode  ;  the  other  either  travels  across  to 
the  opposite  electrode  or  else  changes  partners  with  its  adjacent 
molecule,  setting  free  a  portion  similar  to,  and  equal  to,  itself, 
which  in  turn  combines  with  the  next  in  the  same  manner, 
until  the  last  molecule  is  reached ;  the  last  atom  set  free,  finds 
nothing  to  combine  with,  and  appears  alone  at  the  negative 
electrode.  It  will  be  seen  that  the  mobility  of  the  particles 
is  a  necessary  condition. 

All  substances  are  decomposed  by  electricity  in  exactly 
the  same  proportions  as  they  are  chemically  united,  or  in 
proportion  to  their  atomic  weight.  Water  is  composed  oi 
8  parts  (by  weight)  of  oxygen  chemically  united  to  1  part 
(by  weight)  of  hydrogen.  When  decomposed  by  electricity 
there  appears  at  the  negative  electrode  1  part  of  hydro- 
gen, and  at  the  positive  8  parts  of  oxygen.  Common  salt 
consists  of  sodium  23.3  parts  by  weight,  and  chlorine  35.5 
parts.  When  electrolyzed,  the  23.3  parts  of  sodium  appear 
at  the  n^ative  electrode,  and  35.5  of  chlorine  at  the  positive. 
It  must  be  remembered  that  the  human  body  is  a  mass 
of  cells,   and  that  these  cells  contain   and  are  bathed   in  a 

*  Electricity  and  MagnettBin. 
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saline  solution,  and  it  is  not  unlikely  that,  when  a  galvanic 
current  is  passed  for  some  time  in  the  same  direction  through 
the  body,  some  of  the  resulting  phenomena  may  be  due  to 
electrolytic  clianges  in  the  tissues  acted  upon. 

The  material  of  which  the  electrodes  are  composed,  their 
size,  and  distance  apart,  are  of  practical  importance  in  certain 

therapeutical  applications.  Fig.  39 
is  designed  to  represent  the  branches 
into  which  a  current  is  supposed  to 
split  up  on  passing  througli  a  sub- 
Fio.  89.  stance.     When  a  large  electrode  is 

used,  these  branches  have  a  larger  surface  for  entrance  or 
exit,  and  are  consequently  not  so  dense  or  crowded  together 
as  in  the  case  of  the  small  electrode.  As  each  branch  is 
believed  to  do  its  part  in  the  work  to  be  accomplished,  it 
is  evident  that  the  greatest  decomposition  must  occur  at  the 
small  electrode  where  the  greatest  number  of  current  branches 
act  together  upon  a  comparatively  limited  space. 

From  the  foregoing  it  can  be  readily  seen  that  while  a  portion 
of  the  current  passes  in  a  straight  line  from  one  electrode  to  the 
other,  that  portion  is  not  by  any  means  the  largest.  It  is  a  fact 
that  electricity  takes  the  shortest  route  between  the  poles,  all  else 
being  equal.  In  a  comparatively  poor  conducting  material,  as 
water  or  the  human  body,  which  for  the  present  purpose  may  be 
considered  to  be  a  saline  solution  contained  in  an  insulating 
material  (the  skin,  the  external  layer  especially),  the  form  of  that 
part  of  this  material  which  performs  the  function  of  conduction 
will  be  egg  shaped.  The  ends  of  the  egg  will  correspond  to  the 
position  of  the  electrodes.  Tlie  resistance  of  the  human  body  is 
so  great  that  in  electrolysis  the  amount  of  tissue  which  inter 
venes  between  the  electrode  and  the  needle  should  be  small.  In 
other  words,  the  electrode  opposed  to  the  needle  should  be  placed 
near  the  seat  of  operation,   with  but  few  exceptions.      By  so 
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doing  we  avoid  unpleasant  effects  on  the  nerves,  nerve  centers 
and  tissues,  which  are  occasionally  noted  when  this  precaution 
is  not  observed. 

The  materials  of  which  electrodes  are  composed  may  be 
adapted,  in  certain  cases,  to  the  work  to  be  done,  since  a 
substance  which  in  combination  with  oxygen  is  capable  of 
producing  some  special  effect,  can  be  selected  for  an  electrode. 
This  is  done  occasionally  in  treating  stone  in  the  bladder, 
tumors,  etc.  It  must  be  recollected,  in  this  connection,  that 
during  electrolysis  the  acids  set  free  appear  at  the  positive 
pole,  and  the  alkalies  at  the  negative.  The  immediate  effect 
of  decomposing  the  fluid  of  tlie  body  is  that  the  oxygen  and 
chlorine  set  free  (acids)  attack  the  needle,  or  positive  elec- 
trode, inserted  in  the  tissues^  changing  a  portion  of  it  into 
metallic  salts.  Since  metals  are  not  acted  upon  by  hydrogen, 
or  free  alkali,  the  negative  electrode  remains  bright,  whatever 
may  be  the  strength  of  the  current,  or  the  length  of  its  appli- 
cation. When  it  is  desirable  to  introduce  salts  of  iron,  copper, 
silver,  gold,  or  any  other  metal,  into  a  morbid  growth,  insert 
into  it  needles,  or  pointed  electrodes,  of  the  metal  selected, 
and  connect  them  with  the  carbon  or  copper  element  of  the 
battery.  When  it  is  desirable  to  preserve  the  needle  from  cor- 
rosion, or  to  avoid  introducing  any  foreign  substance,  insert  the 
negative  needle  attached  to  the  zinc  battery  element.  Since 
the  art  of  electro-plating  proves  that  materials  resulting  from 
decomposition  of  the  anode  are  carried  to  and  deposited  upon 
the  cathode,  this  fact  should  be  borne  in  mind  when  attempt- 
ing to  remove  stricture,  otherwise  the  trouble  may  be  increased 
by  the  very  means  used  to  remove  it. 

TO  DETECT  THE  DIRECTION   OF  THE   CURRENT  BY  ELECTROLYSIS. 

When  a  solution  of  common  salt  is  exposed  to  the  action 
of   the  current,   as  we   have  seen,   both   water  and    salt   are 
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decomposed,  oxygen  and  chlorine  appearing  at  the  positive, 
hydrogen  and  sodium  at  the  negative,  electrode.  A  piece  of 
blue  litmus  paper  immersed  at  the  negative  electrode,  where 
the  alkaline  atoms  collect,  will  be  rendered  more  intensely 
blue ;  but  immersed  at  the  positive  electrode,  where  the  acids 
gi>,  will  bo  reddened.  A  solution  of  iodide  of  potash  and 
starch,  when  brought  under  the  influence  of  the  current,  will 
give  a  blue  color  at  the  positive  electrode,  where  tlie  iodine 
is  set  free,  while  at  the  negative  pole  the  solution  remains 
iH)lorlo8S. 

lH>LARrrY   OF  IONS  OR   ATOMS  OF   ELECTE0LYTE8. 

When  A  substance  is  electrt^lyzeiU  those  atoms  which  travel 
towartl  the  |H>sitivo  olwtnHle  aire  electro-negative,  and  are 
kni>wn  ill  ohoniistry  as  /m»Ai/w.  Tliose  going  to  the  negative 
oltHMnulo  an*  oKvtrtwiM^sitive,  and  are  known  as  non-metals. 
Thoy  gnulually  shiulo  into  oiwh  other. 

TAUl.K    SUOWINU     niK    RKSl'lT    1>K    KLKnm>LYZU5G    A    FBW    COMMON 

SOLI'TIONS. 

Wrtior s »»,.»»,    f   Uviln^m —  Oxygen. 

N^U  > .   .  w » »,,»»»».».,    •  >HHiium -  -  Chlorine. 

Uh1\\|o  |H*<AKh     .    . » » » %    ,    Uv^^^^^^u —  Icniine, 

SuU\h\\«NMi»  i%xi*l \    \  .,  \  J     i^v«en. 

MuimUx*«^o»a  ^  <   Wy.yXwss'W    Chlonne, 

\^h\»NVi^lo  ^xf  UM^^        ■ '  V    I   \  *^«**^  ■  ■       w ,  X  % . . , —  Chlorine, 
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When  electrolysis  of  tissues  lying  beneath  the  skin  is  to 
be  performed,  the  galvanic  current  is  conveyed  to  them  through 
needles  of  suitable  size  and  shape.  Those  shown  in  Fig.  41 
are  made  of  steel,  gold-plated ;  they  are  called  respectively 
straight,  half-curved  and  curved.  They  are  triangular  like  a 
surgical  needle,  and  may  be  fastened  directly  to  the  cord  by  a 
needle-holder  (see  No.  4),  or  to  a  needle  conductor  (Fig.  42). 
The  length  varies  from  one  inch  upward,  according  to  the 
mass  to  be  acted  upon,  and  the  depth  at  which  it  is  located. 
Round  needles  are  also  used  for  electrolysis,  and  the  material 
may  be  any  metal  that  can  be  made  into  a  needle.  Very  fine 
platinum  or  steel,  needles  are  used  to  remove  hairs. 


4 
Fig.  41. 


NEEDLES   FOR    ELECTROLYSIS. 


To  vse  electrolysis  needles.  1.  Connect  witli  one  pole  of 
the  batter}',  and  insert  them  in  the  tissue  to  be  acted  uj)on. 
Complete  the  circuit  by  placing  a  large  moistened  sponge  (con- 
nected with  the  alternate  battery  pole)  outside,  on  the  skin 
near  by.  2.  Instead  of  having  the  alternate  })ole  represented 
by  a  sponge  it  may  be  connected  with  a  needle,  which  is  also 
carried  into  the  tissues  near,  but  not  in  contact  with,  the  first. 
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To  insulate  an  electrolysis  ^leedle.  When  it  is  desirable 
to  prevent  anv  action  of  the  current  upon  the  skin,  the  needle 
should  be  insulated,  except  at  the  point  that  is  entirely  within 
the  tissues  to  be  oj^erated  upon.  It  may  be  coated  with  rubber 
dissi>lveil  in  collodion,  or  shellac  The  last  named  forms  an 
excellent  insulator ;  it  is  prepared  and  applied  as  follows : 
Pulverized  white  shellac  is  covered  with  alcohol  and  allowed 
to  stand  over  night,  when  it  is  ready  to  use  ;  that  part  of 
the  neiHlle  to  be  insulated  is  coated  with  a  thin  laver  and 
held  in  a  flame  to  evaporate  the  alcohol;  the  process  is  com- 
plete when  bubbles  tvase  to  form.  If  any  bubble  does  not 
imnuHliatelv  burst,  it  must  be  brushed  off  with  the  finscer, 
the  s^x^t  smoothed  dowiu  and  again  held  in  the  flame, 
otherwise  the  ct^uing  will  be  rough  when  finished,  and  the 
neeille  untit  to  use.  If  the  surface  is  not  smooth  when 
tinisiuHl,  the  shellac  must  be  dissolved  in  alcohol,  the 
neiille  oleiiuiH)  and  a  new  i'oating  applied.  A  little  practice 
will  enable  the  0[^rator  U>  apply  this  insulator  quickly  and 
suiwssfuHy.  It  may  als^>  be  used  for  metallic  sounds, 
catheters,  or  anv  other  instnnnent  to  be  inserted  in  the 
i^avities  of  the  Kxly,  when  the  current  ct^nveyed  through 
them  is  to  K^  KvalixtKl  at   any  particular  jiart  of  the  cavity. 

K>TK\"r  OK   tl>.\MKl^LYStS   VI\IN    ANHIAL  TESs^rKS. 

Althaus,  during  ISO^thuui  lx^O»T,  made  a  st>ries  of  microscopical 
v>bs^Tvations  ou  the  ohaui^^s  which  animal  struoturv^s  undergo, 
under  the  inrtueuvt^  of  the  eUvm^lvTio  action  of  the  galvanic  cur- 
rvnxt.  lie  stmUinl  its  otUst  ujH^n  tIu^  i\uiuiate  stmcuirv  of  the  skin 
and  ci^lular  tis>ui\  iiuiMnilav  tiln^i's  and  t\^nvlv>ii5s  cartila::es  and 
Kmt^  liver  and  j^MU'i>^a!i,  si^U^^n  aiul  ihvrvuvl  Knly,  kidneys 
and  supraix^nal  v^aj^'^uUvs  IxvhuvU^n  biv^sis  aiKi  v^van^'^fk  The 
general  r\*sult  v^f  thei*\*  iuvv>*iv^«lu»uj%  has  pivvi\l  r.l.-:  ^^>  ',iHimai 
ti^ti<   <oAc*^cc\'/*  a*M  (0«^.V\^a/*v*  ^.'tv  \iU<%S<.y/\tci*i^    jf^^^'i  or  iXe 
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negative  pcle^  and  that  the  force  and  rapidity  with  which  this 
disintegration  is  hrougld  about  are  directly  proportional  to  the 
dectro-nnotive  force  which  is  employed^  and  to  tJve  softness  and 
vascularity  of  the  structures  acted  upon.  Thus  ten  cells  of  p. 
battery  have  a  more  thorough  and  rapid  effect  than  five,  fifteen 
more  than  ten,  and  so  on  ;  as  regai'ds  the  tissues,  those  contain- 
ing most  water,  such  as  the  muscles,  the  cellular  tissue,  the 
spleen,  etc.,  are  more  rapidly  disintegrated  tlian  those  which 
contain  less  fluid.  Bones  and  teeth  withstand  the  action  of  the 
current  for  a  considerable  time. 

The  effect  at  the  negative  pole.  Experiments  on  animals 
showed  that  needles  attached  to  the  negative  pole  of  a  battery 
could  be  inserted  into  and  removed  from  the  body  without 
causing  any  loss  of  blood  ;  the  current  used  did  not  appear  to 
cause  much  pain  beyond  what  was  due  to  the  introduction  of  the 
needles  through  the  skin ,  the  parts  operated  upon  shrank 
sensibly  after  the  operation,  but  there  was  neither  inflammation, 
suppuration,  nor  sloughing.  If  the  current  was  made  to  act 
upon  the  bloodvessels  it  was  found  that  they  were  filled  with  a 
foreign  body,  due  to  disintegration  of  the  blood,  and  round  whici? 
afterward  a  slow  deposition  of  lamellated  fibrine  took  place ;  they 
were  thus  changed  into  solid  strings  wherever  the  current  had 
been  made  to  act.  It  appears  fair  to  conclude  from  these  obser- 
vations that  the  current  can  be  safely  and  successfully  applied  to 
those  parts  of  the  body  where  shrinking  and  disintegration  oi 
tissue  and  obliteration  of  the  bloodvessels  may  be  required  for 
surgical  purposes.  The  sores  produced  on  the  skin  by  the  nega- 
tive pole  resemble  those  produced  by  caustic  potash,  and  the 
same  may  be  said  of  the  scars,  for  these  latter  are  sofi^  and 
after  some  time  wholly  disappear. 

A  twofold  effect  is  produced.  1.  Under  the  microscope  it 
may  be  seen  that  the  mechanical  action  of  the  hydrogen  forms 
no  inconsidei*abIe  part  of  the  effect  produced  at  the  negative  pole. 
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InDumerable  bubbles  arise  as  soon  as  the  circuit  is  closed,  which 
force  apart  the  structural  elements  of  the  tissues.  2.  Alkalies, 
soda,  potash  and  lime  are  also  developed  at  the  negative  pole  of 
the  battery. 

The  effect  produced  at  the  positi/oe  pole.  There  is  no  collec- 
tion of  oxygen  at  the  positive  pole,  because  it  unites  with  the 
metal  of  which  the  needle  is  composed.  To  the  chlorine  and 
acids  which  are  developed  at  the  positive  pole,  together  with 
the  metallic  salts  resulting  from  oxidizing  of  the  needle,  is  due 
whatever  changes  are  eflfected  there. 


FlO.  42. 
NEEDLE   CONDUCTOR. 


The  needle  conductor  is  composed  of  from  one  to  six  slender 
conducting  cords,  about  four  inches  in  length,  attached  at  one 
end  to  a  single  metal  holder  for  the  conducting  cord  which 
connects  it  with  the  battery.  Each  one  terminates  at  the  free 
end  in  a  metal  needle  holder. 

To  \ise  the  conductor.  Introduce  the  needles  one  by  one 
into  the  tissues  to  be  operated  upon,  then  fasten  the  needle 
holders  upon  them  and  connect  the  conductor  with  the  bat- 
ter}'. Complete  the  circuit  with  a  single  large  moist  sponge 
electrode  placed  on  the  skin  at  some  indifferent  point  near  by. 

The  intn)duction  of  mrdle^  thromjh  the  shin.  This  is  usu- 
ally painful,  and  some  means  of  lessening  the  pain  must  be 
adopted.  When  a  large  amount  of  work  is  to  be  done 
rapidly,  which  requires  a  jx^wertul  current,  it  is  ad\nsable  to 
use  ether  by  inhalation,  or  apply  it  in  spray  to  render  the 
skin  insensible  to  ])ain,  befon*  introducing  the  needles.  Beard 
and  Rockwell  state  that  a  mixture  of  ether  and  carbolic  add 
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in  equal  parts  has  a  positively  benumbing  eflTect  upon  the 
skin  where  applied.  The  mixture  can  be  localized  upon  a 
very  small  spot;  the  benumbing  eflfect  begins  to  be  felt  ic 
less  than  five  minutes.  It  is  frequently  quite  difficult  to  in- 
troduce the  needles,  when  the  tissues  to  be  acted  upon  are 
firm,  or  where  the  skin  is  thick,  in  which  case  it  is  best  to 
introduce  them  only  a  little  way  before  completing  the  cir- 
cuit As  soon  as  electrolysis  begins  they  can  be  pushed  in 
more  easily,  provided  they  are  connected  with  the  negative 
pole  of  the  battery. 

Effect  of  electrolysis  upon  the  needles.  When  decomposi- 
tion of  blood  or  animal  tissues  is  eflected  by  electrolysis,  the 
positive  needle  (anode)  is  changed  into  a  metallic  salt,  by  the 
oxygen  and  chlorine  set  free.  On  the  other  hand,  the  nega- 
tive needle  (cathode)  retains  its  brightness,  because  hydrogen 
and  free  alkali  do  not  attack  metal.  It  is  desirable,  when 
but  one  needle  is  introduced,  that  it  be  the  negative,  except 
when  the  secondary  eflects,  resulting  from  the  presence  of 
acids  and  metallic  salts,  are  required,  because  the  positive 
becomes  roughened  and  firmly  imbedded,  so  that  its  removal 
is  frequently  attended  with  considerable  difficulty.  When 
both  a  positive  and  negative  needle  are  inserted,  the  positive 
should  be  first  introduced  where  it  is  to  remain  during  the 
operation,  and  whenever  it  is  necessary  to  change  the  relative 
position  of  the  needles  the  negative  should  be  moved. 

Prof.  Groh,*  of  Olmtitz,  employs  zinc  needles  for  the 
positive  pole,  when  the  parts  to  be  destroyed  are  highly  vas- 
cular, so  as  to  secure  the  secondary  effect  of  the  chloride  of 
zinc,  resulting  from  the  action  of  chlorine  upon  the  needle. 
Tlie  eschar  under  these  circumstances  resembles  that  produced 
by  chloride  of  zinc  paste,  being  greyish  white,  firm  and  dry. 


•Die  Electrolyse  in  der  Chiroigie. 
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He  employs  electrolyais  in  two  ways,  either  a  powerful  cur- 
rent for  a  short  time  under  an  aneesthetic,  or  a  gentle  current 
applied  for  days  and  nights  consecutively. 

THB  HCIKTOSH   NEEDLE-CASE   FOB   ELECTKOLrsiS, 

A  convenient  case  for  electrolysis 
needles  is  shown  in  Fig.  43.  It  con- 
I  tains  needles  of  various  sliapes  and 
'  sizes,  from  the  exceedingly  fine  plati- 
I  numorsteel  needle,  for  removing  hairs, 
ij  to  the  long  and  htrgc  needle  suitable 
^w-  **■  for  operating  upon  uterine   fibroids. 

A  three-strand  needle  conductor  is  shown  in  the  back  part  of 
the  case ;  aJsm  a  connector  by  means  of  which  a  single  needle 
may  be  attached  to  any  electrode  that  terminates  in  a  screw. 
Many  styles  of  needle-cases  are  made,  so  that  the  pliy.-'inan 
who  wishes  to  be  prepared  tor  electrolytic  operations  nil,  ;::ivu 
no  trouble  in  secnring  one  which  contains  an  assortment  adapted 
to  the  demands  of  his  practice. 

BATTERIES  FOR   ELECTROLTSIS. 

Galvanic  batteries  in  which  the  elements  are  arranged  in 
series  (the  zinc  of  one  pair  connected  with  the  carbon  of 
tlie  next)  are  suitable  for  electrolysis.  The  zinc  and  carbon 
combination  give  a  much  more  powerful  electrolytic  current 
than  any  other,  for  reasons  already  given.  It  is  essential, 
when  lai^  masses  are  to  be  operated  upon,  that  the  bat- 
tery have  a  sufficient  number  of  cells  to  enable  the  operator 
to  add  more  cells  from  time  to  time,  to  keep  the  current  at 
an  approximately  uniform  strength.  For  small  operations,  four 
to  six  zinc-carbon  cells  will  be  sufficient.  A  considerably 
greater  number  of  zinc-copper  or  zinc-platinnm  cells  will  be 
required  to  accomplish  the  same  work. 
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The  pain  produced  within  the  tissues  by  the  electrolytic 
cnrrent  is  not  severe,  but  at  t!ie  alternate  electrode  applied  to 
the  akin,  the  hurning  or  stinging  sensation  inuj  be  very  tm- 
pleasant.  Wiien  an  anjesthetic  is  not  emplojed,  the  current 
at  first  shoiikl  nut  be  very  strong ;  it  may  be  gradually  in- 
creased without  i 


UONTCJSn  TWELVE-CELL  GALVANIC  BATTERY, 
Lcmgth,  1(%  In. :  width,  ^  in.;  belghl,1!<f  lo. :  weight,  IZlbL 

TTie  battery  represented  in  Fig.  44  is  adapted  to  all  the 
smaller  electrolytic  operations,  for  which  a  few  cells  only  are 
needed.  An  apparatus  supplied  with  a  less  number  of  cells 
is  not  to  be  recommended,  because  it  is  important  that  in 
any  operation  there  should  be  a  few  reserve  cells  to  add,  as 
needed,  to  the  circuit 

The  battery  shown  in  Pig.  45  is  preferable  for  the  general 
practitioner  who  wishes  to  apply  electrolysis  to  a  lar^  variety 
of  cases.  It  iurnishes  a  current  sufficiently  powerful  for  any 
operation    to    which    electrolysis    is    adapted,    except    certain 
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trmll^iiiiiit  Kri'WtliM  utid  ulerino  tibroiOii,   for  which  the  twenty* 
foll^cllll  gnWiinio  inBtrumont  (see  Fig.  31)  will  be  required. 

lltRKABKM    IN   WHICH    KLIiXTrKi ILTBIS    IS  OF  VALTTE. 

Thu  iUrouiwh  In  which  uluctruljrsis  lum  been  saccessiiilly  em- 
|p|ijytiil   iini  oliicifly  tumorB.   Berous  etfusions,   strictures,  wounds 
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Ow 


tUm^nrnttt^   ^'  AftHvij/nit.     Ii  »  «ot  ahnrs  easy  to  ] 
tMA^tWV  Mw  W^tW   N-^  M  ht   ^<«C(y>T  m   mach   m  possiblB  1 

AVMiviwAt  K^r  ft  \%w)i^W«>tlc  i<iwi<\    TV  *ctiiw*lai«>  t£  i^j 
«K^  0'  iW  «Nt«^nAt>w  ^  «-wnw^  Kvt  Atrs  ^  ^ 
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Structural  fibre  by  the  hydrogen  may  cause  too  great  destruc- 
tion, so  that  the  tissues  do  not  recover  themselves  after  the 
operation,  and  disfiguring  scars  result 

Advantages  of  electrolysis.  According  to  Prof.  Groh,  they 
are  as  follows : 

Very  extensive  tumors  may  be  destroyed  without  the  loss  of  a  drop  of 
blood,  which  is  important  in  cases  where  there  is  prostration  of  strength. 
In  three  of  his  patients,  the  use  of  electrolysis  enabled  him  to  do  with- 
out resection  of  the  lower  jaw,  which  otherwise  would  have  been  neces- 
sary, and  would  have  caused  great  disfigurement.  In  a  case  of  cancer  of 
the  rectum,  where  subcutaneous  injections  of  morphine  produced  only 
alight  and  temporary  relief  of  the  intense  pain,  and  where  there  was  a 
most  offensive  smell  from  the  ulceration,  both  fetor  and  pain  disappeared 
after  the  first  electrolytic  operation.  In  a  case  of  epithelioma  of  the  lip, 
where  the  right  submaxillary  gland  was  considerably  swollen,  this 
swelling  was  dispersed  a  few  days  after  one  electrolysis.  Finally,  all 
cases  progressed  favorably  without  accident.  The  pain  never  continued 
beyond  the  application  itself;  there  was  only  slight  local  and  general 
reaction;  the  eschars  which  had  been  formed  were  rapidly  thrown  off; 
there  was  copious  granulation,  and  such  an  amount  of  cicatricial  con- 
traction as  to  cover  the  loss  of  substance  caused  by  the  removal  of  the 
growth. 

THE  EXACT  VALUE  OF  THE  ELECTROLYTIC  METHOD. 

Dr.  A.  D.  Eockwell  *  offers  the  following  summary  of  the 
exact  value  of  the  electrolytic  method  in  surgical  diseases, 
according  to  his  own  experience : 

1.  The  success  to  be  met  with  in  the  treatment  of  malignant  growths 
in  general  is  but  trifiing.  The  size  is  sometimes  reduced,  and  the  pain 
is  almost  always  greatly  alleviated.  In  the  class  of  cases,  however, 
termed  epithelioma,  when  the  disease  does  not  extensively  involve  the 
subjacent  tissues,  and  where  it  is  easily  reached,  it  is  probable  that  in 
the  majority  of  cases  the  very  best  results  will  follow  thorough  and 
persistent  treatment. 

2.  Fibroids,  being  dense  and  comparatively  dry,  do  not  readily  shrink 
under  electrolysis,  and  it  is  seldom  that  we  can  accomplish  more  than 
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some  slight  diminution  in  bulk.  The  results  following  this  limited  in- 
fluence, however,  are  especially  valuable  in  the  case  of  uterine  fibroids 
of  an  intramural  character  where  the  knife  cannot  be  used.  The  press- 
ure upon  the  bladder  and  rectum  is  in  these  cases  greatly  lessened,  or 
entirely  dissi[>ated,  and  the  relief  that  follows  is  immense. 

3.  It  is  in  erectile  and  small  cystic  tumors  that  electrolysis  is  most 
effective.  In  these  conditions  it  is  indeed  a  specific.  The  cure  that 
follows  is  complete,  and  with  proper  care  scars  can  be  avoided. 

4.  The  onlinary  form  of  goitre  acts  somewhat  capriciously  under 
electrolytic  treatment.  Goitres  that  are  small  and  soft  may  not  only  be 
treated  effectually  by  the  introduction  of  needles,  but  external  applica* 
tions  alone  will  sometimes  cause  them  to  entirely  disappear.  Even  when 
they  are  quite  lanie,  if  their  density  is  not  too  great,  a  perfect  cure  may 
follow.  V/here  they  do  not  entirely  disappear,  they  may  almost  in- 
variably be  reduced  in  size,  affording  in  many  cases  marked  relief  from 
the  pressure  that  is  so  distressing. 

5.  By  this  method  hairs  may  be  permanently  removed.  The  nega- 
tive pole  and  a  weak  current  are  to  be  used. 

6.  In  many  cases  of  urethral  stricture  permanent  relief  is  afforded. 
A  more  extended  experience,  however,  is  necessary  to  establish  its  exact 
value. 


CHAPTER  V. 

GALVANO-CAUTERY. 

Galvano-cauteey,  also  written  galvanocausty,  electric  cau- 
tery, etc  ,  consists  in  substituting  a  platinum  wire  or  plate  heated 
by  electricity,  for  the  ordinary  actual  cautery.  This  process 
is  frequently  confounded  with  electrolysis,  from  which  it  dif- 
fers in  important  particulars.  It  requires  special  apparatus 
that  is  not  adapted  to  any  other  application  of  electricity. 

Electrolysis  is  the  decomposition  of  compound  substances 
by  the  cJiemical  acti^on  of  the  galvanic  current  During  this 
process  the  needles  or  wires  which  convey  the  current  to  the 
tissues  are  not  heated. 

Oalvamxxautery  is  the  burning  of  tissues  by  the  heat  de- 
veloped in  a  suitahle  instrument  by  the  passage  of  a  galvanic 
current  through  it.  The  effect  produced  is  in  no  respect  due 
to  the  action  of  the  current  on  the  tissues,  and  does  not  dif- 
fer from  that  produced  by  a  cautery  instrument  heated  in  the 
usual  manner. 

When  the  poles  of  a  galvanic  battery  are  connected  by  a 
conductor  incapable  of  transmitting  the  current  as  fast  as  gen- 
erated, the  conductor  becomes  heated,  the  degree  of  heat  being 
proportional  to  the  quantity  of  electricity  and  the  resistance  of 
the  conductor.  Platinum  is  a  poor  conductor,  both  of  heat 
and  electricity,  and  when  introduced  into  a  metallic  circuit 
between  the  two  poles  of  a  suitable  battery  may  be  raised  to 
a  white  heat. 

Advantages  of  gahano-cautery,  1.  The  great  advantage  ol 
galvano-cautery  is  that  we  can  manage  the  currents  with  pre- 
cision and  deliberation;  very  different  from  the  haste  required 

(161) 
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in  using  a  red-hot  iron.  If  the  bottom  of  a  cavity  is  to  be 
caiutorizod,  tlio  instrument,  while  cold,  is  introduced  slowly 
and  gently;  then,  when  located  exactly  where  it  is  needed, 
the  cin'uit  is  completed  and  cauterization  begins.  Breaking 
the  circuit  instantly  arrests  it 

a.  This  method  of  cauterizing  occludes  the  vessels  by  clots, 
and  thus  not  only  guartls  iigainst  primary  hemorrhage,  but  it 
also  appears  to  lessen  the  liability  to  secondary  hemorrhage. 

8.  It  is  infinitely  less  alarming  to  patients  than  the  appa- 
nUus  employiHl  in  ordinary  cauterization,  and  protects  them 
tVi>m  any  injury  in  the  introduction  or  withdrawal  of  the 
cautorv  instrument 

As  It  can  bo  \ised  in  places  where  the  employment  of  the 
knifo  would  bo  ini\>nvoniont,  if  not  impossible ;  as  in  the 
noighlH>rhtHHl  of  dolieato  organs  or  in  the  depth  of  some 
natural  oavitJos. 

*N.  Tho  ojHm\tion  is  iH>mjvaratively  painless;  there  is  no 
uluH'k  to  s|H'ak  of«  and  tho  dangor  is  reduced  to  a  minimum. 
Wht^t^  tho  nidiant  IkmU  is  allowoil  to  act^  or  the  instrument  is 
nuwtnl  slowly*  tho  |min  may  W  quite  severe;  but  during  the 
t>|H»nitiou  tho  oxtrt^nJtit^  of  tl\o  norvos  an>  destroyed,  there- 
tV^ix^  tluMv  is  tu>  jviixi  at)or  it   is  ivmplotod^ 

«s  It  t\xH|\u»tuly  piw'^orvos  j^rts  that  wv>uld  have  to  be  re- 
mo\AHl  iu  o|HM*atiujr  by  tho  knifo, 

?.  It  is  osjHviHily  valuablo  in  th\v^^  cti:«^^  whei^  caateri- 
nation  of  tho  wound  is  indioatis)  at\or  tho  oiviation.  The 
^>3*\"^hHr  ii*  \on  linn  \\\\\\  txMulors  tho  wvund  loss  liable  than  a 
nuMst  ^i^nuUtit)^  huHWv  t>>  n\iasmati\\  putrid  or  pnmlent 
int\\S\ou^ 

v>\svA  t\^  >suu«  »{\n  vNx^^^vnvKN  ^s  xnnxo 


X     Uon\orvhH|i>^  xshu^h  ^>an  Iv  a^^vstwi  iw  ^vtnli&es  where 
a  t\s)  lu^t  iw^n  \>auuot  )vuot^>ato  au\)   whoro  wxis$^$  canikot  be 
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2.  Neuralgia,  in  which  it  is  desirable  either  to  destroy  a 
nerve  (as  a  dental  nerve)  or  to  cauterize  certain  parts  of  the 
surface  of  the  body  (as  in  sciatica). 

3.  Certain  paralyses. 

4.  Gangrene  of  ulcerations. 

6.   Cancers  and  other  malignant  growths. 

6.  Fistulse,  sinuses,  etc. 

7.  Removal  of  vascular  tumors,  such  as  naevi,  external 
hemorrhoids,  etc. 

8.  Removal  of  polypi  and  other  tumors  from  situatious 
where  ordinary  instruments  cannot  penetrate. 

9.  Small  amputations,  as  of  the  tongue,  cervix  uteri, 
penis,  etc. 

10.  Strictures,  especially  when  very  firm,  and  undilatable. 
Disachcmtagea  of  galvano-oa/utery.      There  is  considerable 

difference  of  opinion  in  regard  to  the  range  of  cases  in  which 
galvano-cautery  is  to  be  preferred.  Some  restrict  it  to  a 
limited  field,  while  others  are  disposed  to  extend  it,  on  account 
of  its  simplicity  and  convenience,  to  a  large  variety  of  opera- 
tions. Certain  disadvantages  have  prevented  a  more  extensive 
employment  of  it  by  the  surgeon,  which  are  partially  due  to 
defects  in  the  batteries  designed  for  the  piU7)ose  of  furnishing 
a  cautery  current. 

1.  The  galvano-cautery  frequently  cauterizes  tissues  very 
superficially,  and  consequently  sometimes  gives  rise  to  hemor- 
rhages. 

2.  The  small  mass  of  platinum  that  can  be  heated  by  the 
galvanic  current,  except  by  employing  batteries  out  of  propor- 
tion to  the  work  to  be  accomplished,  renders  it  unsuited  to 
cases  where  voluminous  tissues  are  to  be  destroyed.  It  is 
not  impossible,  however,  to  perform  all  amputations  by  it. 
Dr.  Bums,  of  England,  records  twelve  amputations,  eight  of 
the  thigh,  two  of  the  leg,    one    of  the   fore-arm,   and  one  of 
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the  finger,  performed  by  galvano-cautery.  Bourdon,  of  Paris, 
has  used  it  in  eight  cases  of  tracheotomy.  With  properly  con- 
structed batteries,  the  current  keeps  the  cautery  heated  suflS- 
ciently,  so  as  to  compensate  by  the  continuity  of  its  action 
for  what  is  wanting  in  regard  to  the  mass  that  can  be  heated. 

3.  The  great  difficulty  in  the  way  of  maintaining  a  uni- 
form heat  is  due  to  contact  of  the  tissues,  bathed  with  liquid 
which  prevents  the  wire  arriving  at  the  high  temperature  that 
it  would  possess  in  the  air,  not  only  by  withdrawing  heat 
from  it,  but  by  rendering  it,  in  consequence  of  this  cooling, 
a  better  conductor  and  less  susceptible  of  becoming  heated 
under  the  action  of  the  current. 

4.  It  is  not  impossible  to  raise  a  platinum  wire  to  a  white 
heat  in  the  substance  of  the  tissues  gorged  with  moisture, 
but  we  are  between  two  rocks,  either  not  to  heat  the  wire 
sufficiently,  or  to  run  the  risk  of  melting  it  This  fusion  is 
brought  about  in  the  small  part  of  the  wire  which  comes  out 
close  to  the  skin  and  which  is  more  heated  in  proportion  as 
the  portion  that  is*  plunged  into  the  tissues  is  more  cooled 
by  contact  with  the  liquids. 

5.  Even    when    the    wire,    while    still    becoming    greatly 
heated,  does   not   melt  in  its  entering   and  exit  points  it  may 
only  cauterize  these  points  and  not  the  interior,  as  we  should, 
expect. 

GALVANO-CAUTERY   BATTERIES. 

The  first  requirement  of  a  battery  for  galvano-cautery  is  that 
it  furnish  a  current  of  large  quantity^  in  order  to  develop  the 
necessary  heat.  Consequently  a  large  element  surface  must  be 
exposed  to  the  action  of  the  fluid.  The  elements  are  united  in 
multiple  arc  and  are  brouglit  very  near  together.  Tke  bat- 
teries constructed  for  ffaltHVio^^utery  are  unsuitable  far  dec- 
trolysis  or  any  other  j>urjHtse  than  the  one  for  which  they  are 
designed. 
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Since  it  is  important  to  be  able  to  use  condactors  of  variable 
volume,  the  current  provided  must  be  capable  of  raising  dif- 
ferent sizes  of  platinum  wire  to  a  white  heat,  and  of  maintain- 
ing it  there  as  long  as  is  necessary  to  complete  an  operation  of 
ordinary  length.  A  galvano-cautery  battery  must  therefore  be 
provided  with  more  than  one  cell,  and  a  convenient  current- 
selector  for  introducing  additional  power  into  the  circuit  as  the 
current  declines  in  strength,  to  maintain  an  even  temperature 
in  the  platinum  wire.  When  it  is  necessary  to  avoid  the  flow 
of  blood,  the  wire  must  not  be  lieated  above  a  dull  red,  and 
the  battery  should  be  easily  controlled  in  this  respect.  In 
brief,  the  essential  requirements  of  a  galvano-cautery  instrument 
are  portability,  constancy,  reliability,  and  simplicity  of  construc- 
tion. 

The  storage  battery,  when  it  was  first  announced,  was 
expected  by  continental  authors  to  fulfill  all  requirements  of  a 
cautery  battery  ;  but  for  some  reason  it  has  failed  to  meet  their 
expectations,  in  its  present  state  of  development.  Numerous 
instruments  have  been  contrived  for  this  purpose,  but  the 
difficulties  to  be  overcome  in  constructing  one  that  shall  pro- 
vide a  current  just  powerful  enough  to  do  the  work  required, 
without  occasionally  becoming  uncontrollable,  and  either  sud- 
denly fail  in  the  midst  of  an  operation,  or  fuse  the  platinum, 
have  seemed  almost  unsurmountable.  Dr.  Mcintosh  has  been 
experimenting  for  several  years  with  a  view  to  constructing  an 
instrument  that  shall  be  satisfactory  in  every  respect,  and  has 
been  rewarded  with  a  degree  of  success  that  promises  well. 
He  has  now  completed  a  Cautery  Battery  that  is  being  tested 
by  several  well-known  surgeons  to  determine  how  it  meets  the 
demands  of  practice ;  and  if  future  tests  shall  confirm  those 
already  made,  it  will  prove  to  be  the  most  desirable  instrument 
yet  constructed,  and  will  add  a  new  impetus  to  the  practice  of 
galvano-snrgery. 
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The  vnstrtmients  necessary  for  galvcmo-cavtery.  That  por- 
tion of  the  circuit  which  is  brought  into  contact  with  the  tissues 
is  made  of  platinum,  and  is  usually  in  the  form  of  a  loop^ 
pointy  hfiife  or  dome.  The  handle  is  made  to  thoroughly  insu- 
late the  current,  and  at  the  same  time  to  resist  the  heat.  The 
connection  of  the  platinum  with  the  conducting  cords  is  made 
with  pure  copper  wire,  of  large  size,  which  passes  through  the 
handle.  The  conducting  cords  are  composed  of  a  large  bundle 
of  fine  copper  wire,  or  a  a»ngle  I'opper  wire  of  sufficient  size  to 
convey  a  large  qitantity  of  electricity. 

Tlie  platinum  loop  is  managed  like  the  ^craseur,  to  which  it 
is  superior  in  that  it  sears  as  well  as  divides  the  tissues.  It 
is  used  for  pedieulated  tumors  principally  ;  it  may  be  used  for 
tumors  without  a  pedicle,  by  intrmlucing  needles  through  the 
base,  and  adjusting  the  loop  between  the  needles  and  the  sur- 
face to  which  the  tumor  is  attached. 

Platinum  points  may  be  introduced  into  vascular  tumors 
and  afterward  rendered  incandescent.  The  tissue  should  be 
thoroughly  cauterized  befoi'e  withdrawing  the  points,  to  avoid 
the  possibility  of  hemorrhage.  They  may  also  be  used  to 
destroy  dental  nerves,  granulations,  to  open  abscesses  and  fistu- 
1»,  to  cauterize  the  prolapsed  recti  of  children  (using  a  director 
if  necessary). 

Tlie  platinum  hnife  is  simply  a  very  small  thin  plate;  the 
best  method  of  using  it  ci>nsists  in  successively  repeating  the 
contact  of  the  incandescent  metal  with  the  parts  operated  upon. 
It  is  an  error  to  suppose  that  this  instrument  \rill  cut  directly 
through  a  lUJiss  of  tissue,  like  a  surgical  knife.  It  is  extremely 
diflicult  to  reirulate  the  heat  in  a  piece  of  ]>latinum  of  this 
shape,  so  that  it  shall  be  just  hot  enough  to  do  the  work 
required,  and  at  the  same  time  not  do  injury  to  surrounding 
tissue  by  nidiating  heait,  or  even  sotting  it  on  fire. 

The  platinum  </<>//*<*  insists  of  wire  v^H)und  spirally  in  the  form 
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of  a  dome,  as  it^  name  would  imply.  It  is  used  as  a  caxUerizer^ 
where  a  larger  surface  is  to  be  acted  upon  than  the  points 
are  adapted  to,  and  as  a  moxa  for  counter-irritation. 

mSTOBY   OF  OALVANO-OAUTEEY. 

Dr.  Fabr6-Palaprat  was  the  first  to  employ  a  platinum  wire 
heated  by  a  galvanic  battery  to  produce  moxas.  A  long  time 
after,  in  1845,  M.  Heider  employed  the  same  method  to  cauterize 
the  dental  nerves  when  painfully  affected.  In  1846,  M.  Crusell, 
of  St.  Petersburg,  conceived  the  idea  of  cutting  and  cauterizing 
the  tissues  by  means  of  a  wire,  or  a  thin  plate  of  platinum, 
rendered  incandescent  by  a  powerful  electric  current,  making 
it  act  after  the  fashion  of  a  saw,  by  means  of  a  backward  and 
forward  motion. 

Mr.  Marshall,  of  England,  soon  after  made  numerous  experi- 
ments in  cauterizing  the  tissues  of  animals,  corpses,  and  then  of 
patients.  He  succeeded  in  curing  a  fistula  of  the  cheek  by 
means  of  a  platinum  wire  ijs  of  an  inch  in  diameter  ;  he 
afterward  used  it  for  small  tumors,  cauterizing  wounds,  etc. 
M.  Nelaton,  from  the  year  1850,  used  it  in  the  cure  of  erectile 
subcutaneous  tumors,  while  preserving  the  skin.  Dr.  Amusat, 
Jr.,  by  means  of  a  platinum  wire  3V  of  an  inch  in  diameter 
and  5  or  6  inches  in  length,  removed  cancerous  tumors ;  he 
also  used  thin  plates,  or  ribbons  of  platinum,  heated  in  the 
same  way,  and  to  which  he  imparted  a  backward  and  forward 
sawing  motion  to  separate  the  tissues.  Prof  Middeldorpff,  of 
Breslau,  published  the  first  important  work  on  this  subject  in 
1855. 

Dr.  Maas*  has  collected  130  cases  of  ncevns^  treated  by 
galvano-cautery,  most  of  which  were  operated  upon  by  Dr. 
Middeldorpff,  in  which  the  loop  was  used  39  times,  the  dome 


^  Langenbeck's  Archly,  fdr  Chinirgie,  1871,  p.  520. 
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17,  and  other  forms  in  the  remainder.  In  112  cases  there  was 
a  complete  cure,  11  improved,  three  died,  and  in  4  the  result 
was  not  known  ;  4  cases  relapsed ;  death  resulted  once  from 
hemorrhage,  twice  from  lockjaw  (once  trismus  and  opce  tetanus). 
Duration  of  treatment  was  short;  in  many  cases  the  eschar 
separated  between  the  fifth  and  tenth  day,  and  a  good  cicatrix 
was  formed  without  j)erceptible  suppuration. 

M.  Zielowicz*  has  collected  fifty  cases  of  amputation  of 
the  jyentH  by  the  galvano-cautery  loop.  The  operations  were 
performed  for  cancer,  gangrene,  and  once  for  an  enormous 
papilloma  ;  8  oi'the  patients  died  of  blood  poisoning  in  hospital ; 
none  died  in  private  practice.  No  hemorrhage  ever  occurred* 
in  spite  of  numerous  introductions  of  the  catheter  or  bougies ; 
no  surgical  fever  followed  the  o})eration.  Contraction  of  urethra 
took  place  only  in  one  case,  which  easily  yielded  to  the  use  of 
bougies. 

Dr.  Voltolini,  of  Breslau,  f  was  the  first  to  use  the  galvano- 
oautery  loop  for  the  removal  of  a  tmnor  from  within  the  larynx. 
This  oj)eration  has  since  been  successfully  repeated  by  others. 
Tracheotomy  has  been  porformeil  with  tlie  galvano-cautery  knife. 
Mr.  Erichsen:^  has  employed  it  in  a  considerable  number  of  cases 
vif  cam\'r  of  the  tongxie  with  success.  He  considers  tlie  galvano- 
oautory  loop  one  of  the  most  valuable  of  modem  applications 
of  physical  science  to  meiiicino.  He  emphasizes  this  point — 
ai\n<1  UN</ii<*  hfwt<\  am/  ,^^rt*w  up  the  injstrument  dowly  in 
prf>/k>rtion  to  the  iHi^^ufantf/  of  the  jHirt  ojyerated  on. 

Another  point  of  sciircely  less  importance  is  the  gradual 
dinunution  of  the  current  as  the  loop  grows  smaller.  This  may 
be  aixHrniplished  in  either  one  of  two  ways:*  1st.  By  having  an 
assistant  gradually  riMuove  the  battery  plates  from  the  solution. 
Sd.  Hy  diminishing  the  curiTDt  by  means  of  any  suitable  rheostat 

•  Irfiuitv'nUH'k'ii  Archlv.  Rlr  rhtninzlo,  IS71.  p.  Mk 

♦  U»U\.  tS«V^.  |v  f\UJ», 

XHrili$\  .WnlKM/  «/o«inHil«  WtMruMry  1\  197;^ 
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In  those  situations  where  needles  liave  to  be  employed  to  hold 
the  loop  in  the  tissnes  it  would  be  well  to  use  small  ivory  rods 
sharpened  at  one  end  rather  than  metal  needles  or  pins.  The 
latter  are  apt  to  interfere  with  the  operation  because  of  the 
liability  to  shunt  the  current,  thus  leaving  a  portion  of  the  loop 
inactive. 

Mr.  Bryant,  of  Guy's  Hospital,*  successfully  removed  an 
epithelial  cancer  of  the  perineum,  and  also  a  spreading  lupus 
of  the  face^  by  galvano-cautery.  The  former  was  accomplished 
after  this  manner  without  the  loss  of  a  drop  of  blood :  It 
occupied  the  perineum,  involving  the  anus  and  a  portion  of  the 
recto-vaginal  septum.  He  isolated  the  base  by  passing  three 
large  pins  beneath  it  into  the  healthy  tissues,  the  patient  be- 
ing under  the  influence  of  chloroform.  A  strcmg  platinum 
wire  was  next  passed  around  the  base  of  the  tumor  beneath 
the  pins,  and  fixed  to  the  ecraseur,  was  screwed  home  ;  junc- 
tion was  then  made  with  a  cautery  battery,  and  with  a  few 
careful  turns  of  the  screw  the  growth  was  removed,  leaving 
an  ash-colored  surface.     Rapid  recovery  followed. 

Galvano-cautery  has  been  used  by  oculists  for  cauterizing 
granular  lids,  and  in  diseases  of  the  lachrymal  ducts.  Aurists 
have  employed  it  for  removal  of  polypi  and  other  tumors 
from  the  auditory  canal.  It  is  so  well  adapted  to  nearly  all 
the  minor  operations  in  surgery,  and  the  advantages  in  its 
favor  are  so  many,  that  only  the  want  of  reliable  and  con- 
venient battery  has  hitherto  prevented  it  from  coming  into 
Tmiversal  use. 
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When  a  current  of  electricity  from  one  or  more  galvanic  cells, 
rapidly  internipted  in  metallic  circuit,  is  passed  through  a  coil  of 
wire,  the  galvanic  properties  are  modified  and  practically  a  new 
current  is  obtained,  which  is  known  under  the  various  names  of 
indtu\*d^  interrupted  o\\faradic  current. 

Among   those  who 

.^^^^^-^-^^^^^^^^^  sought   to  explain   the 

S"s4iI2D32II122HH  «  P"""P>«  discovered  by 

Fio.  ^n.  Oersted  (see  p.  IIS  gal- 

vunomotor)  was  Aragt>,  who  found  that  the  electric  current  im- 
jwrtiHl  a  8tn>ng  lnl^J^lH^tic  force  to  pieces  of  soft  iron,  steel, 
olo.  Ho  shiAViHl  that  if  iH>pjwr  wire  covered  with  silk  or 
gutta-|H*rt*ha  Ih*  ihuKhI  annuul  a  l>i\r  of  soft  iron,  and  a  current 
Ih^  }ms.HiHl  thnni^h  the  wirv\  the  soft  inm,  although  it  does 
ni>t  ft^nu  a  jmrl  o(  iho  cinnul^  l>ei*inuos  powerfiiUy  excited. 
Each  winding  of  win>  inoreasi^s  iho  magnetism  of  the  iron, 
and  bv  omplt\ving  a  largi^  numWr  of  windings  a  magnet  of 
euornuuivH  i^nvor  may  In*  prinhuvii. 

7^i\s  rhu/nrtmn  i^^  wi»/  /vr«i«i«fW;  it  i^^ascs  at  once  when 
iho  oiriMUt  is  hi\>kou»  In  ai\  instant  tho  oKvtrio  current  may 
magtiotJtfo  a  Ivir  hy  it?»  Jx^!is<^*^^  and  diMnagnotiro  it  by  its  ces- 
sation. Tho  s^uuo  rwHult  tolK^ws  if  tho  wikHl  wire  is  separated 
tVvMu  tho  )v{ir  b\  an  iuHulat^ug  oyUmlor.  as  shown  in  Fig.  46. 
A  Iw  nu^;:notic^Hl  In  this  way  is  AHlK^^  an  fi^'tn^-maj^^ei. 
KKHHi\^nu^not>  jh^*»i\h*  nnioh  ^txsiior  Ht^ii^:  jvwvr  ihaa  natural 
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magnets  of  the  same  weight.  Prof.  Henry  describes  one  that 
could  lift  thirty-five  times  its  own  weight,  while  the  most 
powerful  natural  magnet  known  at  the  present  day  sustains 
but  six  times  its  own  weight. 

Nearly  all  the  practical  applications  of  electricity  have  been 
made  by  combining  electricity  and  magnetism.  No  telegraph 
sends  a  message  from  one  place  to  another,  no  telephone 
acts,  no  electric  motor  or  electric  light  can  be  operated,  with- 
out a  magnet  of  this  kind.  Its  great  usefulness  lies  in  tlie 
fact  that  its  magnetization  is  wholly  under  the  control  of  the 
current. 

In  1831  Faraday  discovered  that  a  galvanic  current  pass- 
ing through  a  wire  induces  a  current  in  anotlier  wire  near 
to  and  parallel  with  it.  Tlie  wire  through  which  the  galvanic 
current  passes  is  called  the  primary  wire,  and  the  current 
primary  or  direct.  The  parallel  wire  is  called  the  secondary 
or  induced  circuit,  and  the  current  passing  through  it  an 
induction^    secondary  or  faradic^  in  honor  of  its  discoverer. 

These  wires  are  usually  arranged  in  coils  composed  of 
many  layers  of  wire,  the  primary  coil  lying  within  the 
secondary,  from  which  it  is  separated  by  insulation.  A  steady 
flow  of  electricity  through  the  jmmary  coil  will  produce  no 
eftect  over  the  secondary  so  long  as  it  flows  without  inter- 
ruption ;  yet  if  it  be  suddenly  broken,  a  momentarv  wave  or 
current  will  instantly  flow  through  the  other  in  the  same 
direction  as  the  original  current.  If  now  the  current  be  re- 
established through  the  first  coil,  another  momentary  wave 
will  pass  through  the  second  coil,  but  in  an  ()j)posite  direc- 
tion to  the  one  passing  through  the  first  coil.  Increasing  or 
decreasing  the  current  affects  the  direction  of  the  momentary 
current  in  the  same  way  as  starting  or  stopping  the  primary 
current 
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INDUCED    CURRENTS. 

Induced  currents  include  primary^  secondary^  tertiary  and 
e;rtvii  currcntH.  They  are  distinguished  from  galvanic  or  direct 
curri»nts  by  certain  ])ro])ertie8,  that  will  be  considered  in  the 
following  order:  1.  Direction.  2.  Magnetic  induction.  3. 
Self-induction.     4.   Potential. 

Tht'  dirvvtUm  of  the  primary  current.  The  moment  the 
ciivuit,  including  one  or  more  galvanic  cells,  is  completed,  a 
current  ])asse8  through  it  from  the  positive  to  the  negative 
pole,  as  already  explained,  and  hiduce^  a  current  in  a  wire 
near  and  parallel  to  some  portion  of  the  wire   of  the    circuit. 

77^<'  (finrfion  of  the  9(HX)mhxry  current.  This  induced  cur- 
rent is  in  an  op/hmfc  (fi/Ycfion  to  that  passing  through  the 
circuit,  as  may  be  shown  by  a  delicate  galvanometer,  but  it  is 
momentary  only,  ami  the  neeille,  at  first  deflected,  quickly 
n»sumeH  its  natural  position.  As  Sixm  as  the  needle  is  at  rest. 
bn»ak  the  ciivuit  to  arn»st  thecunvnt  from  tlie  cells:  the  needle 
will  be  again  tU»tlectetl,  but  in  a  dinn^tion  opposite  to  its  first 
fietlection,  showing  that,  at  the  instant  the  circuit  is  broken,  a 
ourivnt  is  inthuvd  in  the  {mrallel  wire  in  the  same  direction  as 
that  passing  thl^>ugh  the  circuit.  Tlie  direction  of  the  secoDd- 
arv  or  iiuhnvd  curnmt  varies  cimtinuallv,  as  follows: 

{fi)  At  the  instant  the  g?ilvanic  ciivuit  is  dosed  the  induced 
cnrriM\t  moves  th>m  negative  to  jH>sitive^  or  opposite  to  the 
fmrntrry  (»unvnt. 

(h)  At  the  instant  the  galvanic  circuit  is  &pened  the  induced 
cunvnt  moves  \\\m\  positive  to  negative^  or  in  tlie  same  direc- 
tion as  the  primary  ourix^nt. 

(r)  If  ihe  origii\al  curix^nt  Ih^  increased  in  strength  it  hac^ 
llie  patno  o1bM»t  on  the  indm^^l  as  c/tvtinpth^  circfiit. 

{d)  If  the  t>riginal  c\inxMit  is  deoix\^si\l  in  strength  it  afiects 
the  stHxmdary  the  same  as  o|HMiing  the  circuit. 
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Magnetic  Induction, — If  a  permanent  magnet  be  quickly 
introduced  into  a  coil  of  insulated  wire,  or  as  quickly  removed 
from  it,  currents  of  electricity  will  be  generated  in  the  wire  form- 
ing the  coil.  If  in  place  of  a  permanent  magnet  a  piece  of  soft 
iron  is  emj)loyed,  and  this  becomes  magnetized  by  being  suddenly 
brought  in  contact  with  a  permanent  magnet,  or  as  suddenly 
demagnetized  by  removing  the  magnet,  like  currents  will  be 
generated.  Again  the  soft  iron — core  it  is  technically  called — 
may  be  magnetized  and  demagnetized  by  placing  it  in  the  axis  of 
the  primary  helix  through  which  the  raj)idly  made  and  broken 
galvanic  current  passes.  Its  eflect  on  the  primary  current  is  to 
increase  both  the  direct  and  inverse  extra  currents,  which, 
together  with  the  galvanic  current,  form  the  primary  current 
It  also  operates  in  conjunction  with  the  galvanic  current  to 
increase  the  induced  currents. 

Sdf'induction. — Since  a  circuit  carrying  a  current  acts  in- 
ductiveh'  upon  every  neighboring  circuit,  it  naturally  follows 
that  it  must  also  have  a  similar  action  upon  the  different  parts 
of  itself ;  since  these  parts  may  be  regarded  as  cases  of  very 
near  neighboring  circuits,  this  is  called  self-induction,  Jenkin 
discovered  that  when  the  circuit  from  a  single  galvanic  cell 
is  broken^  a  sharp  shock  can  be  felt  if  an  electro-magnet  is 
included  in  the  circuit  (none  is  felt  when  the  circuit  is  closed). 
Faraday,  having  been  informed  of  this,  soon  traced  it  to  its 
cause,  "the  induction  of  the  current  on  itself."  Self-induction 
reveals  the  fact  that  when  a  circuit  is  closed,  the  current  does 
not  all  at  once  reach  its  full  strength,  but  takes  some  very 
short  time  to  do  so,  and  that  during  that  time  the  current  is 
retarded  by  the  opposite  current^  due  to  self-induction.  In  the 
same  way,  when  the  circuit  is  broken,  the  current  strength  does 
not  fall  to  zero  all  at  once,  its  gradual  fall  being  prolonged  by 
the  current  due  to  self-induction,  which  in  this  case  is  in  the 
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mtnt*  tfirtfifion  as  tho  main  current.      Extra  currents  are  those 
duo  to  mOf-induction. 

Wo  luivo  thuH  far  supposed  the  two  wires  to  be  parallel; 
if  now  wi»  arran|i:e  thotn  at  right  angles,  the  extra  currents 
tlisHppiMir  ahnost  ontiroly,  showing  that  for  two  wires  to  act 
iniluolivi^lv  on  vav]\  otlior,  it  is  necessary  for  them  to  be  near 
to^othor  and  not  at  right  angles. 

/)  rfi\in/  ritrfYnfa.'  As  the  curn^nt  induced  in  a  wire  by  the 
\\w\'\  imtfi»rv  rin'uit  is  caUod  ^tvondan/^  so  the  name  tertiary 
is  giNon  U\  iho  rurront  inthuvd  bv  the  secondary  in  a  third 
Nvn^»  or  otui  ;  this  thin!  may  induce  a  current  in  a  fourth,  and 
HO  on  i'or  a  sorios.  In  cacli  aihiitional  wire  or  coil  the  current 
n^xuow  in  a  di»HH'!it>n  oppo>iio  to  tho  pn^ceding;  for  example, 
tho  \.s>»'i. /,.;'•/  nn»vos  opposite  \o  tho  j»rimon/  at  the  instant  of 
*loNin;i  iho  oiiNuit.  and  in  tho  same  dinxiiim  at  the  instant  of 
Imo{»K\U)*  tho  oiiNMiit.  Tho  ffrft\jn/  moves  opjMisite  the  second- 
,>  -:  at  tSo  instant  ot'  olosing,  and  in  tho  siune  direction  at 
JM>\»Kn\K  tho  oiivnit,  oaoh  rnnvnt  iHHvming  weaker  a;*  its  dia- 
tanx>^  iW^n  thx^  »♦  .'  ;.?  .*    is  it\o\vasiHh 

ri\o  v  :',  .'.,.*  ot'  tno  4;a*,Natuo  oummi  fixnn  a  sinijle  cell  is 
ononti.Mi'^lx  \no»>s'^>.od  h)  inxJnoli%^^\  r.nd  ;::o  j^^!ont!;d  of  indue- 
isN\\  ^  uuN-nfH  ^n  hmII  t\,uhor  i\uT\\^si\J  V\  5n:ns;:;o:nir  into  the 
>si>u\   o<  il\o  iN^I  a  xvntxi  puw  of  N^>rt  irvMi  whidi  is  c^led  the 

KMtAMWMt    or;   xMCKv\'    \v:txx;  rrrjt 

x>^    ,      ^,.    o'.»v^'.    /»x'>\x>^  ^o,;;x.  \-  0  *^v  ,  v^\;  ^\..,-"    5iaul  acto- 


x.  »  >    >\\>   *\«i   >  A  '  t    *   >  >vx\\.,   .   ^-    ,■*., "-\.::  trvxaa  the 
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H  and  draws  the  spring  away  from  X',  against  which  it  nat- 
urally rests.  This  breaks  the  current,  for  the  circuit  is  com- 
plete only  when  X'  touches  X. 


Fig.  47. 


Fig.  47  represents  a  current  interrupter  or  rheo- 
tome,  also  called  a  "make  and  break,"  a  "vibra- 
tor," etc. 

M,  the  end  of  the  core  within  the  coil,  com- 
posed of  a  bundle  of  soft  iron  wires. 

H,  the  hammer  on  a  moderately  stiff  spring, 
ikstened  to  post  R,  which  has  direct  connection 
with  the  primary  circuit,  as  may  be  seen  in  Fig.  48. 

X,  a  platinum  point  on  the  spring.  Platinum  is 
used  because  it  does  not  easily  corrode. 

X',  the  platinum  tip  of  screw,  which  merely 
touches  X. 

T,  the  thumbscrew,  which  may  be  turned  to 
regulate  the  contact  of  X'  with  X. 


When  the  current  is  broken,  M  loses  its  magnetism  and 
no  longer  attracts  H,  therefore  the  spring  is  free  to  rest 
against  X'.  The  instant  the  spring  flies  back  to  permit 
X  to  touch  X'  the  circuit  is  complete  again.  M  becomes 
a  magnet,  attracts  H  and  the  current  is  interrupted ;  thus  H 
is  kept  rapidly  vibrating  back  and  forth  between  M  and  X' 
and  gives  rise  to  a  buzzing  sound.  These  constant  interrup- 
tions keep  up  an  induced  current  in  the  secondary  coil,  througli 
which,  as  we  have  already  seen,  the  current  passes  in  one 
direction  at  the  instant  the  circuit  is  complete,  and  in  the  opn 
posite  direction  when  the  circuit  is  opened,  hence  the  induced 
current  must  move  equally  *'to  and  fro,"  instead  of  principally 
from  positive  to  negative  points,  like  the  primary  current.  If 
the  vibrating  spring  is  too  weak,  the  current  will  be  broken 
at  a  time  when  the  core  has  but  small  magnetic  strength,  and 
a  feeble  induction  current  is  produced.  If  the  spring  is  suflS- 
ciently  stiff  it  may  be  so  arranged,  by  increasing  or  decreasing 
the  pressure  of  the  screw  T,  tliat  the  current  is  not  broken  till 
the  core  has  received  nearly  its  full  amount  ot  magnetism,  and 
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consequently  a  much  stronger  induction  current  is  generated. 
When  a  current,  with  an  electix)-inotive  force  too  great  for 
the  capacity  of  tlie  coil,  is  sent  through  it,  the  platinum  points, 
X'  X,  may  be  fused  by  the  heat  of  the  sparks  produced,  and 
the  coil  itself  be  damaged,  since  wires  become  heated  when 
a  current  of  greater  quantity  than  they  are  capable  of  readily 
conducting  is  carried  over  them.  For  this  reason  but  one  or 
two  cells  are  employed  for  producing  a  faradic  current 

THE     HELIX     OB    FARADIC    COIL. 

Fig.  48  represents  the  arrangement  of  the  coils  of  wire 
forming  a  helix.  It  will  be  noticed  that  the  inner  coil  alone 
is  ci>nnecteil  with  the  elements.  Tlie  outer  coil  is  connected 
only  with  the  binding  jxists,  from  which  the  secondary  current 
is  obtainiHl.  The  vibrator  attached  to  K  magnetizes  and  de- 
magnetizes the  core  witli  great  rapidity. 


M  ii«  P«>vt»iiil  Uyon  of  iHMrw  tn«uUt«Hl  \Mv|H«r  wii«  wound  voand  an  Insolatins 

h  h,  miiny  lAyom  \««ry  t\\w  tunuMtinl  ^^>|>|H>r  wliv  wiMind  over  a*,  fh>m  whieh  it  !■ 
•o|mm(«^t  by  An  (h«uUthiit  mulorUt.    Thin  f^trm*  tho  uteomdary  omL 

M,  tho  <^^M'  or  luMDui^t.  (^m)|HwiH)  of  m(\  tnm  wiivs  indoaed  within  the  iTiwltting 

S.  \\\%\  nUMA  oovi^rtuit  th««  iHms  \vhtch  iHin  N>  dmwn  ont  when  neceasaiy. 

r,  Uu'  tHM.'tiiotihM  i^Uio  of  \\w  \vk\WTy,  \\H\\\w\K^\  with  one  end  of  the  ooane  wife 

U,  tU«»  |HM«i  of  iho  %MMivul  UU«»ir«virr  or  rh<h\|*Mn<', 

U«  humrniM-  aI  mut  of  rhisMomo  »)m(uii     Th«^  wir«»  *N^w  H  Is  the  ooter  end  of  the 
<^MrMi^  \^uv  (S«U  o«M\umM(uii  U  \\[\\\  tho  (hm  lu\)dUvR  *i»vw  T.  and  also  wtth  P,  the 
UTt»  iM\lo  of  iho  j"<-'*.i«i  run-%M(( 

N,  \\w  u«^hU\««  )H«l0  of  i^o  piliMMix  onrr^ni,  i«  t\M\iie<i<sl  with  R« 

\  \.  i^Uuioiiu  |Mtiu(«  ou  iiv  of  k^'ivw  m\\\  on  »|^niit. 
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The  primary  or  inner  coil  is  composed  of  comparatively 
coarse  wire,  in  order  that  it  may  offer  little  resistance  to  the  pas- 
sage of  the  current  from  the  cell,  and  at  the  same  time  exert  a 
powerM  magnetic  effect  upon  the  core  and  layers  of  the  outer 
coil. 

The  secondary  or  outer  coil  is  composed  of  a  great  length 
of  fine  wire  (the  length  and  size  of  which  must  be  proportioned 
to  that  of  the  primary),  because  the  potential  of  the  induced 
current  is  proportional  to  the  length  and  fineness  of  the  wire 
over  which  it  passes.  This  coil  is  completely  insulated  from  the 
primary  coil,  and  receives  its  electricity  purely  by  induction. 
Ihe  quality  of  tJie  faradic  currents  depends  not  only  upon  the 
length  of  wire  composing  the  two  coils,  but  also  upon  the  rdutvve 
size^  perfect  insulation^  the  care  with  which  the  windings  are 
made^  and  the  connections.  The  value  of  a  faradic  battery 
depends  veiy  much  upon  the  skill  of  the  mechanic  who  makes 
the  helix  and  connects  it  with  the  base.  The  strength  of  the 
faradic  current  depends  almost  entirely  upon  the  constniction 
of  the  helix ;  the  strength  of  the  galvanic  current^  upon  the  kind 
and  number  of  cells  in  the  circuit.  There  is  seldom  any  advan- 
tage to  be  gained  by  using  more  than  one  or  two  cells  for  the 
faradic  current,  since,  as  before  explained,  a  current  possessing 
greater  quantity  than  a  wire  can  easily  conduct,  heats  it  in 
passing,  and,  in  consequence,  is  liable  to  damage  the  insulating 
covering  of  the  wire ;  or  the  current  may  overcome  the  resist- 
ance of  the  insulation,  and  pass  across  from  one  layer  of  wire 
to  another,  completing  the  circuit  within  the  helix  itself,  in 
which  case  it  will  cease  to  pass  through  the  external  circuit. 

The  primary  current.  The  current  passing  through  the  pri- 
mary coil  is  called  the  primary  current.  It  is  direct  from  the 
cell,  and  passes  in  the  same  direction  as  the  galvanic  current, 
from  positive  to  negative ;  it  deflects  the  galvanometer  needle, 
and  possesses  feeble  electrolytic  power. 

12 
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The  secondary  current  is  that  which  is  obtained  from  the 
secondary  coil.  Its  direction  at  the  instant  of  closing  the  circuit 
is  opfKisite  to  the  primary  current,  at  the  instant  of  opening  tlie 
circuit  in  the  same  direction  ;  therefore  it  is  appropriately  called 
a  ''to  and  fro'"  current. 

The  core  or  magnet.  Tlie  primary  current  has  its  inductive 
power  greatly  increased  by  putting  a  bar  of  soft  iron  or  a  bundle 
of  iron  wires  through  the  center.  At  the  instant  the  primary 
current  starts,  it  renders  the  central  bar  a  magnet,  but  the 
magnetic  power  is  lost  instantly  on  arresting  the  current.  At 
tlie  instant  of  acquiring  and  losing  its  magnetism,  it  induces  a 
current  in  the  primary  coil  in  the  same  direction  as  the  primary 
current^  and  therefore  strenghtens  it.  A  bundle  of  wires  is 
superior  to  a  solid  bar  of  iron  for  the  central  core,  because  the 
former  acquires  and  loses  its  magnetism  more  readily  than  the 
latter. 

The  shield.  Prof  Dove,  of  Berlin,  has  shown  that  the 
potential  of  an  induced  current  is  much  diminished  by  covering 
the  core  with  a  closed  tube  of  non-magnetic  material,  such  as 
brass  or  copper.  The  diamagnetic  body  of  which  the  shield  is 
composed  arrests  to  a  considerable  extent,  though  not  wholly,  the 
action  of  the  soft  iron  core.  As  this  shield  or  damper  is  removed 
the  core  produces  its  maximum  induction,  so  that  by  this  means 
we  are  able  to  regulate  the  strength  of  the  faradic  current. 

NUMBER   OF   CURRENTS   A   BATTERY   SHOULD   FURNISH. 

Since  attention  is  frequently  called  to  batteries  which  are 
said  to  furnish  ten  or  more  distinct  currents,  it  may  be  well 
to  explain  how  these  numerous  currents  are  obtained.  The 
secondary  coil  being  composed  of  many  layers  of  wire  is 
tapped  at  intervals  throughout  its  length,  and  each  branch 
wire  is  connected  with  a  binding  post.  The  post,  to  which  the 
inner  extremity  of  the   secondary   coil  is   attached,    is  always 
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used  as  one  pole,  while  each  of  the  ntlier  posts  in  turn  may 
I  .aerve  as  the  alternate  pole.      By  this  method  it  is  possible  to 

obtain  as  many  currente  as  there  are  layers  of  wire  in  the 
[  coil ;  these  only  differ  in  having  passed  through  different  lengths 
[  of  wire;  they  are  all  "to  and  tro"  eorronts,  and  do  not  dlfFer 
'  tiierapeutically  from  tlie  varions  modifications  of  ihe  secondary 
I  current  from  the  entire  coil  produced  by  withdi-awiug  the  shield 

from  or  replacing  it  over  the  core. 


Fig.  49. 
MerNTOaH  PHYSICIANS'  FAJtADlC  BATTEBY  No.  1. 
LcngUi.  S  In. :  width,  ei0n.;  beiKriI,TlD;  weight,  7  Ibi. 

A  simple  and  convenient  form  of  a  physicians'  faradic  bat- 
tery is  shown  in  Fig,  49. 

T/i^  base^  upon  which  is  fastened  the  helix,  rheotome  and 
binding  posts,  is  made  of  polished  black  rubber.  It  is  covered 
on  its  lower  surface  with  a  slieet  of  soft  rubber,  which  insulates 
and  protects  the  connections  lying  beneath  the  hard-rubber 
base. 

The  c<mnectio7is  consist  of  copper  wires  that  join  the  pri- 
[  maty  coil  vrith  the  elements,  and  both  primary  and  secondary 

Is  with  the  binding  posts. 
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The  hinding  posts^  rheotome^  and  metal  parts  on  the  base, 
are  heavily  nickel-plated,  which  enables  them  with  reasonable 
care  to  resist  corrosion  or  tarnishing  for  years. 

The  helix  is  skillfully  constructed  of  a  great  length  of  well 
insulated  pure  copper  wire  ;  the  two  coils  are  perfectly  insu- 
lated from  each  other ;  their  relative  size  and  length  is  such 
that  the  currents  furnished  are  exceedingly  smooth  and  yet 
possess  great  potential ;  they  can  be  graded  perfectly,  so  that 
currents  suitable  for  the  most  delicate  applications  to  the  eye, 
ear  or  brain,  or  too  powerful  to  be  endured  by  a  healthy  per- 
son, are  alike  at  the  command  of  the  operator. 

The  primary  current  is  obtained  by  inserting  the  conduct- 
ing cords  in  binding  posts  P  (positive)  and  N  (negative),  at 
each  end  of  the  word  "primary." 

The  secondary  current.  The  electrodes  in  Fig.  49  are  shown 
connected  with  the  binding  posts  from  which  the  secondary 
current  is  obtained. 

Both  currents  are  increased  hy  withdrawing  the  shield  from 
the  helix. 

1  he  elements  are  a  single  pair  of  zinc-carbon  plates  fastened 
beneath  the  base  to  the  screws  seen  in  the  illustration  beneath 
the  rheotome  hammer. 

The  cell.  This  is  a  hard-rabber  section  comprising  a  cell 
and  drip-cup,  which  is  illustrated  and  described  on  page  198. 

The  battery  fluid  is  made  after  the  formula  given  under 
the  Grenet  cell.  The  battery  in  Fig.  49  is  ready  for  use,  the 
elements  b^ing  immersed  in  the  fluid  of  the  cell.  When  the 
battery  is  not  in  use,  the  base  should  be  reversed,  which 
places  the  elements  in  the  empty  drip-cup. 

The  spriivg  on  the  top  of  the  helix  serves  as  a  haudle, 
by  which  to  lift  the  base,  when  the  battery  is  open ;  when 
it  is  closed,  the  top  of  the  cover  presses  on  this  spring  and 
holds  the  base  tirmly  over  the  cell ;  the  soft  rubber  lining  th^ 
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base  acts  as  a  hydroatat  and   prevents  any  spilling  of  fluid 
when  the  batteiy  is  carried  about. 

A  space  each  side  of  the  cell  section  affords  room  for  the 
oondacting  cords  and  a  pair  uf  electrodes  like  those  in  tlie 
iUaetrstJon. 


BB,  ban  cnimecttug  tbe 

E8,  pons  having  dlrecl 

1,  %  blntllng  posts, 

D,  Indlcutur  wlilch  pulnu  out  Ibe  polartly  or  the  currenl. 

C,  pole  chnnger, 

L,  iwllch  VTblch  coiiaecta  Ibo  primary  and  secuudarf  colls  witb  (be  bladlDg  poata. 

The  lock  and  hooks  which  fasten  the  cover  upon  the  bal>- 
tery  are  heavily  nickel-plated,  of  8|>ecial  design  and  extra 
Btrengtli.  They  are  inanufiictured  by  the  Mflntosh  Galvanic 
A  Faradic  Battery  Company  expresslj-  for  this  purpose,  and 
aw   much  superior  to  similar  fastenings  usually  found  on  bat- 
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teries.  The  instrument  illustrated  in  Fig.  49  is  a  type  of  the 
simplest  form  of  medical  battery  It  is  sufficient  for  most 
general  applications  of  faradism,  but  certain  other  accessories 
are  convenient,  and  for  localized  faradization  sometimes  essential. 

The    helix,    rheotome,     elements    and  cell    section  of  No.  3 
battery  are  the  same  as  in  the  battery  last  described. 

The  hatie  in  this  instrument  is  divided,  the  narrow  portion 
serving  as  the  hydrostat,  and  the  wide  as  a  cover  for  the  elec- 
trode space,  which  is  considerably  larger  than  in  battery  No.  1, 
and  affords  rooui  for  several  additional  instruments. 

The  elenierds  are  attached  to  the  narrow  base,  and  connected 
with  the  helix  through  tlie  bars  B  B ;  they  are  removed  from 
the  cell  to  the  drip-cup  by  reversing  this  narrow  base  only. 
They  are  insulated  over  the  upper  fourth  of  their  surface  after 
the  same  manner  as  the  elements  in  the  Mcintosh  Grenet  cell, 
so  as  to  perfectly  protect  their  connections  from  corrosion  or 
deposits  of  salts,  and  insure  perfect  connection  until  the  zinc  is 
worn  out.     (The  fluid  has  little  effect  upon  the  carbon.) 

The  mintch  L  turned  upon  the  button  next  the  coil,  as  shown 
in  Fig.  50,  sends  a  secondary  current  through  the  binding  posts ; 
turned  wpon  the  button  next  the  front  edge  of  the  base,  it 
sends  a  jrritwinj  current  through  the  binding  posts  ;  turned 
on  the  central  button,  no  current  passes  through  the  binding 
posts.  When  it  is  desirable  to  locate  the  electrodes  before 
sending  a  current  through  the  circuit,  as  is  sometimes  the 
case,  the  battery  may  be  made  ready,  and  everything  adjusted, 
while  the  switch  is  on  the  central  button,  and  either  current 
may  then  be  sent  through  the  patient  by  moving  the  switch 
forward  or  backward.  Switch  L  may  be  used  as  a  current 
interrxqjUr  when  it  is  desirable  to  artificially  regulate  the 
rapidity  of  the  faradic  interruptions  ;  it  is  moved  back  and 
forth  between  the  central  button  and  the  one  from  which  the 
cmTcnt  is  taken,  at  suitable  intervals. 
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The  pole  ehanger  O  ie  a  double  switch,  which  in  the  cat  is 
represented  in<)"t;d  toward  binding  post  2,  so  as  to  uncover 
button  D,  upon  whicli  ia  n  hand  pointing  towiinl  binding  post  1, 
indicating  t)iat  the  lattur  is  positive,  and  consequently  post  2  is 
negative.  Moving  C  toward  post  1  uncovers  a  button,  upon 
which  is  a  hand  pointing  toward  binding  jiost  2  as  positive, 
wlien  post  1  becomes  negative ;  by  this  means  it  is  possible 
to  change  the  polarity  of  the  current  in  an  instiint  withotlt 
removing  the  electrodes  from  the  patient, 

T/ie  (iinding  posts  are  of  the  style  reprepentcfl  by  A  in 
Fig.  27.  which  give  the  most  perfect  and  durable  connection 
between  conducting  cords  and  battery.  The  nickel-plated 
metallic  parts  of  this  battery,  contrasted  with  the  polished  black 
rubber  base,  make  a  beautiful  appeimincc,  while  its  hght  weight 
and  perfect  construction  render  it  a  most  desirable  instrument 
for  those  who  umph^y  fiiradiam  only. 

Tlie  hyi1i'Chrhi;ofitat  is   used  to  interpose   resist- 
ance in  the  circuit,  so  as  to  delicately  modify  or 
soflen  the  current  for  aj>plicatioii8  to  the  eye.  ear, 
brain,    or   in   the   treatment   of  patients   who  are 
ssivcly  sensitive  to  electricity. 


8,  a  wlsiTCW  111  ftali'n  K  at  iiTiy  height  rcqutred, 
u  a  II.  nuU  luriuliiiilJiiK  iiit'l'il  rodi  that  hglil  the  rubtier  bKBc  Had 
nelal  cap  flriiil]'  EifnliisI  ihe  sliiss  tube. 

B  B.  liinilln?  ptHOi,  giie  of  which  le  connrclpil  with  the  mttal  cap 
FlhrouBh  Ihi'  ri«li,  ntiii  Iho  cither  wlih  M  iia  l«A>iv  ^uiIbcI. 

T"  us.',  the  hyi1rv-rh''ii«t<it.  Cfumcct  one  pole 
Height,  w;  Inches,  of  the  biitterv  with  a  binding  post  B;  connect 
the  other  binding  post  with  any  suitabk'  electrode.  The  alter- 
nate pole  of  the  buttery  is  eonueoted  directly  with  another  eleo- 
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trode.  Locate  the  electrodes  precisely  the  same  as  when  no 
rheostat  is  used.  Tlie  method  of  introducini^  it  into  the  circuit 
13  illustmted  in  Fig.  37.  The  rod  R  is  raised  to  interpose  two, 
three  or  more  inches  of  water  between  its  lower  end  and  M. 
Riiising  R  increjises  the  inter|)osed  resistance ;  lowering  R 
lessens  it.  Tlie  operator  can  test  the  effect  it  produces  by 
holding  the  electrodes  while  a  current  is  passing  through  the 
circuit  and  R  is  being  moved. 

METHODS   OF   EMPLOYING   FABADIC   CURRENTS. 

Tlie  application  of  faradic  currents  to  the  treatment  of 
disease  began  in  1832,  within  a  year  after  their  discovery,  and 
has  continued  in  use  ever  since,  having  been  probably  more 
extensively  employed  both  by  the  profession  and  public  than 
any  other  fonn  of  electricity.  Tliis  is  owing,  in  a  measure 
at  least,  to  the  simplicity  of  the  apparatus  for  its  production, 
as  compared  with  those  for  franklinism  or  galvanism. 

The  decline  in  professional  favor  of  franklinism  has  been 
attributeil  bv  some  autliors  to  the  circumstance  tliat  electrical 
mac*hines  uschI  t(^  be  hauleil  about  the  streets  on  carts  and 
exhibited  at  fairs  for  the  purpose  of  "'  shocking  the  curious 
by  scores,**  as  a  cure  for  all  imaginable  ailments.  The  same 
objection  may  be  urgeil  against  faradism,  with  equal  justice. 
The  **peripjitetic  electrician'*  now  uses  an  elaborate  street 
battery,  oniamenteii  with  the  legend  **  Electricity  is  Life,*-  by 
which  the  fanuUi*  ournnit  is  ailministereil  to  the  public  pro- 
miscuously. While  it  is  luUural  that  tlie  pn>tes8ionaI  man, 
conscious  of  sujH^rticial  attain  men ta.  and  ci^rr^»s}x)ndiiigly  jealous 
of  any  assumption  of  his  jHHniliar  privileges,  should,  in  self- 
defense,  ignon^  or  tHUuloinn  evorything  that  smacks  of  what 
he  may  deem  charlatanry ;  yet  it  is  nevertheless  true  that 
those  who  jh^ssoss  the  qnnlitloation  iW  iUviding  uihmi  the  com- 
parative merits   of  n^UKHlial  nio<4sun^  do  not  rt^jeit  an  agent 
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• 

that  is  of  value  from  fear  that  they  may  be  styled  a  specialist 
in  the  use  of  that  agent,  or  be  classed  with  charlatans  in  con- 
sequence of  using  it.  There  is  scarcely  an  article  of  value 
in  the  materia  medica  that,  between  the  patent  medicine  vender 
and  the  ignorant  self-prescribing  of  the  laity,  has  not  perhaps 
accomplished  more  harm  than  good,  and  yet  this  is  not  offered 
as  a  pretext  for  rejecting  all  drug  medication ;  neither  should 
an  agent  that  is  capable,  in  skillful  hands,  of  jiccomplishing 
SDch  excellent  results  as  electricity  be  discarded  by  the  pro- 
fession for  any  other  reason  than  its  failure  to  accomplish  the 
purpose  intended. 

To  Duchenne  is  due  the  honor  of  reducing  faradism  to  a 
system.  In  the  year  1855  he  published  a  work*  describing  his 
method  of  ^^  localized  faradization^'^''  which  he  had  been  engaged 
nearly  ten  years  in  developing.  He  carefully  studied  the  func- 
tions of  the  muscles  in  the  living  body,  and  succeeded  in 
producing  contractions  of  all  the  muscles  separately  and  in 
groups;  mapp)ed  out  those  which  give  expression  to  the  face, 
and  made  some  remarkable  discoveries  in  regard  to  the  con- 
dition of  the  muscles  in  certain  forms  of  paralysis.  He 
pointed  out  that  there  is  a  difference  both  in  the  physiological 
and  therapeutical  effect  of  the  primary  and  secondary  cur» 
rents. 

PRIKABY   AND   SECONDARY   FARADIO   CURRENTS   COMPARED. 

(o)  The  primary  current  is  com-  (a)  The  secondary  current  is  com- 
posed of  a  single  induced  current,  posed  of  two  currents  going  alter- 
always  going  in  the  same  direction,    nately  in  contrary  directions. 

W  The  primary  exhibits  galvanic  (6)  The  secondary    does  not  de- 

P'^perties,  in  that  it  deflects  the  gal-  fleet  the  galvanometer,  although  it 

vanoineter,and  possesses  feeble  elec-  may  cause  a  very  delicate  magnetic 

trolytic  power.  needle  to  oscillate  slightly. 

. .  *" De  VElectriBation  LooallBte,  et  de  son  AppUcation  k  la  Physiologie,  k  la  Pathologie, 
•I  4 1 1  Th^mpeutique.'' 
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(c)  The  priman'  has  more  i>ower        (c)    The  secondary  excites  more 
to   excite    the    jsensory  and    motor    acutely   the  cutaneous  nerves,  and 
nerves  of  the  muscles.  penetrates  more  deeply  into  the  tis- 
sues. 

(d)  The  ]>rimary  is  relatively  less        (d)    Tlie  secondary  possesses  dis- 
rapidly  interrupted.  tinct  proi>erties  in  virtue  of  its  rapid 

interruptions,  and  far  surpasses  any 
other  form  bs  a  stimulant  to  the 
nerves  of  sensation. 

LOCAL   FARADIZA:  ION. 

This  term  should  not  be  understood  to  mean  that  the  cur- 
rent can  be  confined  to  the  electrodes  and  the  limited  place 
between  them.  Every  form  of  electricity  is  pmpaguted  in 
waves  from  the  electrodes  in  everv  direction  through  the  tis- 
sues ;  and  althouirh  it  mav  follow  the  course  of  nerve  or  muscle 
a  little  way  from  the  eleotro<les,  the  fluids  of  the  body  are  so 
much  better  conductors,  that  electricity  traverses  them  in  pref- 
erence to  the  solids.  Duchenne  claimed  that  the  faradic  cur- 
i*ent  could  be  made  to  influence  the  skin  (mly,  without  pene- 
trating to  the  organs  benc»ath,  or  it  could  be  made  to  ]>a88 
through  the  skin  without  irritating  it,  and  act  on  the  nerves 
or  muscles  >eneath.  lie  employ ihI  induction  currents  accord- 
ing to  four  methods  : 

1.  Faradization  of  the  skin. 

2.  Direct  muscular  faradizaticm. 
8.    Indirect  nniscular  faradization. 

4.    Faradization  of  the  internal  organs  and  special  senses. 

1.  According  to  the  first  metho<i,  the  skin  and  elec- 
trodes should  bo  dry  ;  if  the  former  is  naturally  moist,  starch 
or  lyco))0(iiuin  powder  nmst  be  duste<l  over  it  to  absorb  the 
moisture.  Various  names  have  bivn  given  to  the  difiTerent 
methods  of  faradizing  tiie  skin,  among  which  are  the  follow- 
ing ; 

77/<^  rJrrfY^ic  naif^  a  small  metal  disc,  held  at  one  point  for 
Bome  time,  while  a  faradic*  curnMit  pusses  through  it,  produces 
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a  sensation  like  a  red-hot  nail  pressing  into  the  flesh,  hence 
the  name. 

Electric  cavterization^  a  wire  brush  moved  over  the  skin 
produces  a  sharp,  burning  sensation,  that  has  been  compared  to 
that  caused  by  cautery. 

Electric  fvstigation^  a  tinsel  brush  struck  lightly  against  the 
IJesh;  it  is  exceedingly  painful,  and  has  been  compared  to  the 
sensation  produced  by  beating  with  sticks. 

Electric  inooMi^  the  same  brush  held  steadily  against  the 
skin  produces  a  burning  'sensation,  which  increases  as  long  as 
the  brush  is  held  there,  hence  the  name  tnoxa.  It  is  very 
painful. 

2.  Direct  muscular  faradization  may  be  performed  in  either 
of  two  ways : 

{a)  The  percutaneous  method^  in  which  the  electrode  is 
placed  on  the  skin. 

(J)   Electric  dcupuncture^  in  which  needles  are  passed  di 
rectly  into  the  muscle. 

The  first  is  the  usual  method.  The  skin  and  electrodes 
should  both  be  well  moistened  with  warm  water,  and  the  con- 
tact be  firm  and  even,  so  as  to  lessen,  as  much  as  possible, 
the  resistance  of  the  skin.  Electric  acupuncture  was 
introduced  into  pi-actice  by  Salandiere  more  than  fifty  years 
ago.  He  employed  static  electricity  through  needles.  Fabrfe- 
Palaprat  was  probably  the  first  to  apply  the  galvanic  current 
in  this  way  ;  it  is  not  certain  who  first  employed  the  faradic 
current  in  electric  acupuncture.  It  was  revived  some  years 
ago  in  England  by  Dr.  Morgan,  with  such  remarkable  success 
in  certain  cases  as  to  prove  that  it  is  worthy  a  place  as  an 
accepted  mode  of  applying  electricity.  Tlie  needles  used  were 
the  finest  manufactured,  about  two  to  four  inches  in  length, 
terminating  in  a  knob  at  one  end.  They  are  not  insulated, 
and  are  inserted  in  the  nmscle  to  be  contracted.     One  eiee- 
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trode,  usually  the  positive,  is  placed  at  some  indifferent  spct, 
and  the  negative  metallic  electrode  is  touched  to  each  needle 
separately,  and  in  succession.  The  instantaneous  upward  and 
downward  movement  of  the  needle  shows  contraction  of  the 
muscle. 

3.  Indirect  muscular  faradization  consists  in  localizing  the 
current  in  the  nerve  plexuses  or  branches  which  supply  the 
muscles.  Dueiienne  discovered  that  at  certain  points  on  the 
skin,  muscular  ccmtractions  could  be  produced  more  readily 
than  at  others.  Romak  pointed  out  that  these  spots  were 
located  wherever  a  motor  nerve  enters  a  muscle. 

Ziemssen  *  demonstrated  the  precise  location  of  these 
points,  first  by  marking  the  points  on  the  living  body  where 
the  current  i)roduced  muscular  contraction,  and  afterward  by 
dissecting  the  motor  branches  of  the  nerves  in  dead  bodies, 
marking  their  }X)ints  of  entrance  into  the  muscles,  these  mark- 
ings were  found  to  exactly  agree  ;  therefore  a  knowledge  of 
these  motor  ix)ints  is  now  regarded  as  essential  to  the  scien- 
tific faradization  of  the  muscles. 

4.  The  last  method,  treatment  of  special  organs  and  senses, 
requires  suitable  instruments  adapted  to  the  p:irts,  so  that  tlie 
current  may  be  carried  direct  to  their  tissues,  or  to  the  origin  of 
their  nerve  supply,  and  will  be  descTibed  in  connection  with 
the  diseases  of  those  parts. 

o]<:nkra'i.  faradization. 

M.  Dropsy,  of  Crac»ow,  published  in  1857  what  he  termed 
"a  new  method  of  applying  electricity,''  which  consisted  in 
dividing  the  curn»nt  from  one  polo,  by  means  of  a  bifhrcated 
conductor,  placing  one  electrode  over  the  head,  the  other  over 
the  stomach  ;  while  the  curn»nt  from  the  alteniate  pole  is 
divided  in  the  same  manner  between  the  hands  and  the  feet 

•  Die  £lekUlv«Uit  in  dvr  MiHleoin.  1HA7.  Ik^rlin. 
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M.  Gubler,  in  1863,  proposed  a  better  method  of  general  fara- 
dization, which  was  to  place  both  hands  and  feet  in  four  sepa- 
rate basins  of  salt  water,  with  which  the  four  conductors  were 
connected,  so  that  water  became  the  electrodes  through  which 
the  current  was  conveyed  to  the  body.  Beard  and  Rockwell 
recommend  a  different  mode  of  general  faradization,  in  which 
one  electrode  is  used  for  a  stabile  and  the  other  for  a  lahUe 
current.  The  application  is  made  in  either  of  these  ways : 
{a)  One  electrode  is  placed  at  the  feet  (usually  the  negative)  to 
furnish  a  stabile  current,  while  the  other  is  moved  over  the 
whole  body  (labile  current).  (5)  One  electrode  is  placed  at 
the  coccyx  (stabile),  the  other  as  before  is  moved  over  the 
body  (labile).  They  claim  that  general  faradization  is  a  tonic 
indicated  in  a  large  class  of  cases  suffering  from  general 
debility.  By  means  of  it  all  the  muscles  of  the  body  may  be 
vigorously  and  regularly  exercised,  and  in  consequence  will  in- 
crease in  firmness,  possibly  also  in  size,  and  the  tonic  effects 
will  influence  the  entire  system.  There  will  be  improvement  in 
sleep,  appetite,  digestive  capacity  and  regularity  of  the  bowels. 
If  faradization  is  carried  to  excess,  the  effect  is  similar  to  that 
produced  by  over^xercise,  that  is,  soreness  of  muscles,  a  sense 
of  exhaustion,  and  sometimes  an  aggravation  of  unpleasant 
symptoms.  The  tonic  effects  of  general  faradization  frequently 
can  be  detected  long  after  treatment  ceases,  proving  that  it 
profoundly  influences  the  general  system. 

FIRST   STEP   IN    GENERAL    FARADIZATION. 

Fig.  52.  The  jpdtient  The  bare  feet  are  placed  on  a  moist 
foot-plate  (which  must  be  warm)  connected  with  one  pole  of  the 
battery.  An  electrode  holding  a  large  moist  sponge  is  placed 
on  the  upper  part  of  the  forehead.  The  operator  is  shown 
changing  the  polarity  of  the  current.  The  positive  pole  is 
usually  applied  to  the  head  ;  the  direction  of  tlie  current  should 
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be  changed  while  passing  througli  the  head  only  in  exceptional 
cases.  Dizziness,  dashes  of  light,  or  other  unpleasant  phenomena, 
should  be  a  warning  not  to  proceed  without  at  least  modifying 
tbe  current  A  h}-dro-rheostat  in  the  circuit  makes  a  stronger 
carrent  endurable,  and  helps  to  avert  disagreeable  after-effects. 
All  applicationa  of  el^tricity  to  t/ie  /wad  sfiould  be  brief, 
and  mad^  with  a  eurrent  qf  moderate  stretiffth.     It  is  a  prudent 
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meBBore  for  the  operator  to  teat  tlie  current  to  be  used  upon 
his  own  head  before  applying  it  to  the  patient.  Atler  liolding 
the  sponge  u|X)n  the  foreliead  one  or  two  minutes,  it  is  moved 
dowQ  the  side  of  tlie  head  in  front  of  the  ear,  first  on  one 
aide,  then  on  the  other,  nnd  then  held  stationary  upon  the 
back  of  the  neck  about  two  niinntea. 

ANOTUER    8TKP    I\     GENERAL     FARADIZATION. 


Flo.  53. 
If  TZIufroMm.- 

11.CCII  oomblDcil  txtlletr,  tlie  Ikntdlo  part  only,  ready  fl»  tue. 
Poll  changer,  h<Id  by  the  opcralor.  nho  It  changing  the  polailly  of  ths  ctment, 

A  mck  electrode,  wMch  cooaliu    of  a  rnhbec  tpring  that  holdi  a  moUl  apaiiga 
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It  is  unnecessary  to  change  electrodes  daring  a  sitting, 
when  a  general  treatment  is  given.  The  change  in  the  illns- 
tration  is  made  merely  to  show  the  use  of  the  neck  electrode. 
The  operator  is  shown  applying  an  increasing  secondary  cur- 
rent. In  general  faradization  it  is  not  usual  to  introduce  the 
pole  changer  into  the  circuit  or  to  change  the  polarity  of  the 
current  during  the  sitting.  A  current  administered  according 
to  the  method  shown  in  Fig.  53  is  an  energetic  stimulant, 
and  should  not  he  used  in  cases  threatened  with  paralysis  or 
apoplexy^  or  those  in  which  a  recent  attack  has  occurred. 

To  prepare  the  patient  far  general  faradization,  Tlie 
clothing  sliould  be  loosened  to  permit  the  long-handled  spinal 
electrode  to  be  passed  to  every  part  of  the  trunk.  It  is  iirst 
carried  slowly  down  the  spine  and  then  around  over  the 
stomach  and  abdomen.  The  sponge  may  be  held  two  or  three 
minutes  over  any  organ  that  specially  needs  stimulating. 
Lastly,  the  labile  electrode  is  grasped,  first  in  one  hand  and 
then  the  other,  for  one  or  two  minutes,  to  treat  the  arms. 

Caution.  Avoid  passing  the  electrode  over  the  bones  at 
the  projections  of  the  joints,  or  where  they  lie  near  the  sur- 
face, as  the  current  acting  on  the  nerves  of  the  periosteum 
produces  severe  pain. 

In  all  applications  of  electricity,  avoid  exposing  the  patient 
to  cold  during  the  sitting.  A  shawl  or  blanket  sliould  be 
thrown  around  the  shoulders  when  the  clothing  is  opened,  if 
the  air  is  at  all  chilly,  and  the  hare  feet  must  have  somethi/ng 
thrown   over  them  for  warmth. 

It  is  sometimes  necessary  to  apply  general  faradization  to  a 
patient  who  is  unable  to  sit  up.  In  this  case,  the  electrodes 
should  be  passed  under  the  bed-clotliing  and  the  treatment  car- 
ried on  without  uncovering  the  patient 
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Thiit  portion  which  ftimisheB  tlie  faradic  currents  is  alike  in 
all  the  Mcintosh  comhiiied  portable  batterit-B.  The  portion 
which  furnishes  the  jjialvanic  current  is  arranged  in  sections  of 
six  cells  each,  and  tbt;  number  uf  cells  in  any  instrument  is 
indicated  hy  its  name ;  thus  one  which  has  one  faradic  and 
two  galvanic  sectitins  is  c-alleil  a  twehe-cell  combined  batterv ; 
one  faradic  and  tliree  galvanic  sections  form  an  eighteen-cell 
combined  ;  one  faradic  and  four  galvanic  sections,  a  twent;- 
four-cell  combined.  It  is  not  usual  to  make  these  batteries 
with  more  than  twenty-four  cells,  us  beyond  that  number  they 
become  t(Kt  heavy  to  be  comfortably  carried  by  hand. 


HoUn'OeH  TWELVK-CKLL  COHBIHBD  OAXVANIC  AND  FARADIC  BAITBKY. 

Length,  13>i  In.:  trldtb.  Ri^ln.;  height,  7  In. :  welgtit.  I.Mbi. 

This  ilhistralion  represents  a  twelve-cell  combined  battery 
aa  it  appears  when  not  in  use.  The  faradic  portion  occupiea 
the  right  hand  end  of  the  battery-box,  the  galvanic  portion  the 
left  hand;   the  space  between  them  receives  the  electrode  caae 
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fastened  in  the  top  of  tlie  battery.  Arranged  in  ibis  iiiunner, 
when  tlie  cover  is  closed,  tlie  [Mists  in  the  tup  juvas  iijmn  the 
spring  bandk'  of  each  baae  and  bold  it  tirmly  over  tbo  cells, 
while  narrow  partitions  prevent  the  cell  sectioiis  fn«a  moving 
out  of  place-  Wlien  tbe  cover  is  raised,  the  space  occupied  by 
the  electrode  case  affords  room  to  move  the  galvanic  bases  to 
the  right  to  jmmerae  ttieir  elements  in  tlie  fluid  within  the 
cellB. 


UcINTOBH  EIOHTEEN-CELL  COMBINED  GALVAHIC  AND  FAEADIC  BATTERY. 

length.  17  (n. ;  widili.  8'i  li>. ;  height,  7  In. ;  weight,  19  lb«. 

The  apparatus  shown  in  Fig.  55  diifers  from  the  one  shown 
in  Fig.  54,  in  having  one  more  galvanic  section.  It  is  tbe  ono 
best  adapteil  to  the  wants  of  tiie  general  practitioner.  When 
freshly  charged   it   gives  a  galvanic  current  of  thirty-six  volts. 

The  apparatus  represented  in  Fig.  56  meets  the  requiremeets 
of  the  general  practitioner,  who  is  called  upon  to  do  considerable 
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surgical  work.  It  can  furnish  a  current  eufficientlj  powerful  for 
anv  jiurpose  to  which  electricity  is  tliorapeutically  apj>lied,  with 
tlio  exception  of  galvan^cantery,  which,  aa  already  explained, 
requires  a  special  apparatus. 


McIMTOSH  TWENTY-FOim-CSLL  COUBINED  GALVANIC  AND  FARADIC  BATTERY 
Leag\h,Wibi.;wiiOi,syita.;  helghl.Tln.:  welstat,2l  lbs. 

The  illustration,  Fig,  57,  represents  the  relative  position  of 
the  faradic  anil  galvanic  cell  sections.  They  should  always  be 
replaced  in  the  box  in  tlie  same  order,  after  being  removed  for 
any  purpose. 

The  jluid  for  charging  these  cells  is  made  after  the  formula 
given  under  the  Grenot  cell. 

The  cells  should  be  filled  to  a  uuifnnii  height.  The  glass 
measure  provided  with  these  batteries  is  marked  to  iudicate  the 
quantity  tor  one  galvanic  cell.  This  is  an  important  item, 
because  the  current  obtained  IVoin  any  series  of  cells  is  pro- 
portioned  to  that  cell   whicli    has    the    smallest   area  of  zinc 


immersed  in  fluid.  Tlie  ct;]!  sections  for  the  gnlvanic  part  of 
this  battery  are  like  the  one  shown  in  Fi^'.  30,  and  the  descrip- 
tion given  of  it  apphes  ei^ualij-  to  tiiose  in  Fig.  57-  Tiie 
hard  robber  forming  the  ceils  is  not  acted  upon  hy  tiit;  fluid, 
and  the  method  of  fnatening  the  bases  over  them  prevents 
spilling  when  the  battery  is  rHn-i'"!  vv-'i'lit:  fhtrefore  the  fluid 
is  left  in  the  cells  until  exhaii.-i 
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When  the  fluid  is  renewed,  all  sediment,  crvstals,  etc., 
should  be  first  removed  from  the  cells  and  drip-cup;  warm 
water  will  dissolve  the  chrome  ainm  deposited  as  n  wsult  of 
the  chemical  Action  within  the  fluid,  and  if  necessary  the  cells 
slionld  be  allowed  to  soak  for  several  hours,  as  these  dejmsitB 
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inu-rlere  with  tliu  iierfect  working  'if  t\w  iusiniment.  There 
is  danger  of  breaking  tlie  cells  if  furoe  is  used  u>  break  np  and 
nanove  the  dtibris. 

If  tliti  dmiiia^  into  the  dri)>-cnp$'  is  sufficient  to  envelup 
the  ends  of  the  elements  in  flnid  before  the  fluid  in  tlie  cells  is 
exhAosted,  it  may  be  drawn  out  with  a  syringe,  or  t)ie  entire 
section  emptied   and  the  cells  refilled. 

The  electrode  case  is  made  of  hard  rubber,  imjK^rviout-  to 
iiHMstarc  or  acid  fumes,  and  fastened  bv-  a  reliable  spring.  When 
the  over  of  the  battery-box  is  closed,  this  electrode  ease  fills 
tbc  s]MLt;  between  the  galvanic  and  faradic  portions.  Wlien  the 
battery  top  is  msed,  this  space  permits  tlie  galvanic  bases  to  be 
removed  to  the  right  to  immerse  their  elements  in  flaid. 


No.  M  reprutwntH  the  fanidic  pt^rtion  of  the  Mcintosh 
combintM)  battorios.  A  is  the  <W/  atvfibn.  made  of  hard  rob- 
ber, which  lesiHts  tlio  action  of  acids  as  well  as  glas&,  and  ia 
loM  brittle.  It  i«  diviiicti  into  two  ci>mpartnicnts  by  a  partition, 
the  itagvr  portion,  Os  bolii){  ihe  cell  to  contain  the  fiuid,  and 
tlifr'  smaller,  D,  thv  dri[Kiups  to  receive  the  otements  when 
tbu  battory  U  not  1»  uwl 
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B  is  a  black,  liard-rubber  base,  upon  which  the  coil,  the 
Innding  posts  and  vibrator  are  fastened. 

The  elements  are  carbon  and  zinc.  wliLch  aru  fjisfencd  to 
metal  bridges  by  screws,  the  bridges  being  fastened  to  the 
base  by  screws  E  E.  The  wire  eonneetioiis  between  the  ele- 
ments and  coil,  as  well  &£  those  between  the  coil  and  binding 
posts,  lie  underneath  and  next  to  the  hard-rubber  base.  They 
are  thoroughly  insulated,  coated  with  impervious  cement,  and 
still  further  protected  by  a  sheet  of  soft  rubber  imniovably 
fastened  to  the  under  surface  of  the  base.  This  soft  rubber 
serves  a  double  purpose.  It  not  only  covers  the  connecting 
wires  but  serves  as  a  hifdrmtM,  as  it  overreaches  the  edges  of 
the  cell  section,  and  when  the  battery  is  closed  a  post  in  the 
top  of  cover  rests  on  the  spring  O,  and  firmly  presses  the  soft 
rubber  down  upon  the  cell  so  that  the  tluid  cannot  escape. 

THE    FAR-UJIC    l-OETION    OF    THE    OOMBUs'EU    BATTEKIKS. 

To  prepare  for  me.  Lift 
the  base  by  the  handle  P 
and  reverse  it.  This  im- 
merses the  elements  in  the 
battery  fluid.  The  cut 
shows  the  base  reven 
find  cords  attached  for  ap-  \ 
plying  the  secondary  far- 
adic  current.  The  rheotome 
Kpring  should  commence  to  vibrate  (known  by  its  buzzing  sound) 
as  soon  as  the  elements  touch  the  fluid.  If  it  does  not,  lightly 
tap  the  hammer  to  start  the  vibration. 

To  ohUtin  tke  primary  current.  Insert  the  tips  of  conductiug 
cords  in  posts  N  and  P,  on  either  side  of  ''Prim.'" 

To  obtain  the  secondary  current.  Insert  the  cord  tips  in 
posts  N  and  P,  on  either  side  of  "Sec."  Both  currents  are 
tnade  stronger  by  drawing  out  the  shield  S  from  the  coil. 
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To  apply  the  ciirrenL  Wet  the  sponge  discs  D  D  in  warm 
water  and  apply  directly  to  the  uncovered  skin,  locating  them 
according  to  directions  in  following  pages,  remembering  thac 
caution  must  be  exercised  in  applying  the  current  to  the  finger 
tips,  edges  of  bones,  over  nerves,  etc,  to  avoid  an  unpleasant 
shock  to  the  patient.  The  operator  can  handle  any  sponge  cr 
metal  electrode  freely  without  receiving  the  current,  if  all  contact 
of  the  hand  with  the  patient  or  other  electrode  is  avoided.  Be- 
ijinners  are  tH^mlndi'd  that  the  current  canruyt  pa%s  through  eitlier 
the  /Mftient  or  operator  unless  included  in  the  circuity  and  to  he 
includ<Hi  in  the  ci/vuit  it  is  essential  that  there  be  tioo  points 
(ontnince  and  exit)  amnected  directly  "icith  the  battery.     Always 

RKVKRSK    TIIK    BASK     BKTWEEN    TREATMENTS,    AND   AS   SOON   AS    THE 
BAITKRY  IS  NO  LONGER  NEEDED. 

(a)  To  (^mntrt  fjahsinic  cells  with  thefaradic  coil.  The  long 
coiled  wire  springs  sent  out  with  the  battery  are  used  for  this 
puriH>8e.  One  spring  connects  A  with  post  P  1  of  the  galvanic 
huso  (at\or  inserting  tlie  elements  in  fluid),  the  other  connects 
M  with  |M>8t  2,  %3,  4,  etc,  acconling  as  two,  three,  four  or  more 
ivlls  an^  to  Ih?  included  in  the  cin*uit. 

The  addition  of  galvanic  colls  to  the  faradic  circuit  is 
nH]uirvHl  seldom^  if  at  all,  when  the  faradic  elements  and 
fluid  ari»  in  gtxHl  onlor.  Tlie  only  instance  where  it  might 
|H>88ibly  bt^  demanded  would  l>e  in  restoring  animation  in  dea- 
jH^mto  oases,  suoli  as  <ln>wning,  chloroform  or  narcotic  poisoning. 
If,  howovor,  the  faradio  fluid  binxnnos  unexpectedly  exhausted, 
\\\\\\  it  biH»omos  ntHvssiiry  to  use  this  current  before  the  fluid 
can  bo  n»now«Hi%  thiXH*  or  four  galvanic  i*ells  may  be  substi- 
tulod  ft>r  tlio  Varadio  by  pr\H\KHling  a;si  de^ribed.  The  destmo- 
tion  of  \\\\>  tanuHo  olomontn  uu\y  nooossitato  the  same  procedure. 

\\<\  To  «N»«>if>7  /Af»  hu^t  O'lls  of*  ifny  fjfalf\inic  section  with 
ihr  f\f)shlf\\  \(  It  dosirinl  lo  uso  up  the  elements  uniformlj, 
thoso  galvanio  k\AU  which  ar\»  not    nnjuired   for  galvanic  pur- 
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poses  may  be  utilizerl  hy  pla(;iiig  tlie  section  i>i'  wliich  tliey 
form  n  part  mljaccnt  to  the  fanKliv  section,  and  counoetiiig  the 
cells  til  be  used  as  alreaily  described.  A  must  always  be 
joineil  to  that  ])Ofit  nearest  P  (on  tlio  galvanic  base) ;  it  forms 
the  ]OT8itive  element  of  the  circuit.  Fur  example,  suppose  the 
last  tliree  (rells  on  base  1,  Fig.  60,  are  to  be  joined  in  faradic 
circait;  the  coiled  wii-e  spring  from  A  is  inserted  in  post  3, 
and  3  is  reganled  as  positive ;  the  spring  from  B  is  inserted 
in  6,  which  is  now  negative. 

To  me  other  forms  of  electrode,  AH  electrodes  manufac- 
tured by  the  Mcintosh  Galvanic  and  Faradic  Battery  Co.  that 
are  not  attached  directly  to  the  conducting  corda  will  tit  the 
wooden  handles  shown  above  after  unscrewing  and  removing  the 
sponge  di8<s  D  D. 


HdlKTOSH  TWENTY  FOUR.CRI,L  COMBINED  GALVANIC   AND  FARADIC  BAl- 
TKRY.— THE  GALVANIC   PORTION   READY   FOR   fSE. 
0  nprwnu  tbe  bnullo  ban  wlib  elemeDU  In  drip-cnp.   I,  tha  (Int  gmlvaolc  *ecUoil 
ofilxcellB.   :;,  lbe»eooad.   s.thelblrd.   1,  tho  (burth.    N  marks  Ibe  negatlTC  polca.   P. 
tbe  pultlTB  iwlea. 

To  tuts  one  sectkni.  Lift  the  first  base  by  its  handle,  1  ; 
nmove  to  the  right  and  immerse  the  elements  in  the  cells; 
the  base  overlaps  the  space  for  the  electrode  case  and  leaves 
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space  on  its  left  for  the  overlapping  portion  of  base  2  when 
moved  forward.  The  instant  the  elements  enter  the  fluid  the 
current  starts. 

The  galvanic  current  is  silent  and  can  he  detected  only  hy 
its  effects. 

(a)  To  use  one  cell,  insert  one  cord-tip  in  post  1  P,  and 
another  in  post  1'.     P  1  is  the  positive  pole,  1'  the  negative. 

(b)  To  use  three  cells,  remove  the  tip  from  1'  to  3 ;  the 
latter  is  now  negative. 

(c)  To  use  six  cells,  remove  the  tip  from  3  to  6 ;  the  latter 
is  now  negative. 

To  add  cells  without  interrupting  the  current.  Use  the  bifur 
cated  cord  for  the  negative,  leaving  one  end  next  the  battery 
free.  Wlien  more  cells  are  wanted  insert  the  free  tip  in  the 
required  number,  and  then  remove  the  tip  of  the  other  branch  of 
the  bifiircation. 

To  yse  tfco  sections.  Immerse  the  elements  on  base  2  in 
fluid  by  moving  to  tlie  right,  and  slide  its  movable  bar  into  the 
slot  in  6  X  on  base  1. 

(d)  To  use  seven  cells.  Leaving  the  first  cord  attached  to 
post  1  P,  as  befoi-e,  insert  the  tip  of  tlie  other  in  7'  on  base  2 ; 
7'  is  now  the  negative  pole. 

(e)  To  use  twelve  cells,  remove  the  cord-tip  from  7'  to  12  N. 
To  use  three  sections.     Move  base  3  forward  and  press  its 

movable  bar  int^)  the  slot  in  post  N  on  base  2. 

(f)  To  use  13  cells.  Leaving  the  first  cord  attached  to 
post  1  P,  insert  the  second  in  13'. 

To  use  four  sections.  Move  base  4  forward,  and  connect 
with  base  3  by  moans  of  the  movable  bar. 

(g)  To  use  19  cells.  Connect  the  last  cord  with  19',  which 
becomes  the  negative  pole  of  the  circuit. 

(li)  To  use  24  cells.  Remove  cord  from  19  to  24,  and 
the  latter  becomes  negative. 
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Polarity  of  base  1,  Post  P  1  is  always  positive,  and  each  of 
the  other  posts  becomes  negative  in  relation  to  it  when  joined  in 
drenit.  If,  liowever,  one  cord  is  at  2  or  3,  etc.,  and  the  other  at 
4,  5  or  6,  the  one  nearest  P  1  is  positive,  the  one  nearest  N 
negative. 

Polarity  of  base  2.  Tlie  same  as  base  1,  when  it  is  used 
singly,  7  P  being  the  positive  end  and  12  the  negative  in  relation 
to  it. 

Polarity  of  base  3.  Similar  to  bases  1  and  2,  13  being 
positive  and  18  negative. 

Polarity  nf  bone  4-  Positive  pole  19  and  negative  24. 
When  the  bases  are  joined  together,  the  polarity  of  each 
separate  base  varies  as  follows : 

Polarity  of  bases  1  and  3  united.  Wlien  the  first  cord  is  at 
P  1,  or  any  other  post  on  base  1,  eaclt  post  of  base  2  becomes 
negative  when  it  terminates  the  circuit. 

Polarity  of  banes  1,  3  and  3  united.  With  first  cord  as  in 
last,  each  post  of  both  3  and  3  will  become  negative  when 
attacbed  to  the  second  cord. 

PoUinty  of  all  united:  When  any  number  of  cells  are  united 
in  circnit,  that  cord  on  P  1,  base  1,  or  the  one  nearest  it,  marks 
I  the  positive  battery  pole,  and  all  tlie  rest  are  negative  in  rela- 
tion to  it 

TO   KEPLACE   THE   ELEMENTS. 

Looeen  the  binding  post  by  the  fingers, 
the  same  as  an  ordinary  thumbscrew,  and 
detach  the  metal  bridge  holding  the  ele- 
ments to  be  replaced.  They  are  removed 
from  the  bridge  by  a  screwdriver,  and  the 
new  ones  are  fastened  in  their  places  as 
before.  Zincs  need  to  be  replaced  as  soon 
as  they  become  consumed,  so  that  their 
length  in  the  fluid  is  considerably  less  than 
the  carbon.    Carbons,  if  cleansed  with  warm 
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simply  famished  as  a  stand  in  a  case  like  that  shown  in  the 
cut  The  metal  work  is  nickel-plated,  and  the  contrast  between 
the  highly-polished  robber  base  and  the  nickel  makes  an  orna- 
mental piece  of  work  worthy  of  a  place  in  the  most  elegantly 
fncnished  office. 

Gravity  cells  are  commonly  used  with  this  apparatus,  since 
they  require  very  little  attention.  These  cells  may  be  placed  in 
a  cellar,  closet  or  cupboard  when  there  is  no  place  for  them  in 
the  office.     A  diagram  of  this  table-plate  is  shown  in  figure  63. 

To  connect  the  gravity  eeUs  toith  the  plate.  Buttons  1  to  36  terminate 
below  the  base  in  a  screw  upon  which  plays  a  nut,  to  which  the  wh^s  from 
the  zinc  elements  of  the  gravity  cells  are  fastened.  The  galvanic  switch 
revolves  on  the  post  marked  1,  in  the  center  of  the  circle.  The  wire  from 
the  copper  element  in  the  first  cell  is  connected  with  post  inside  circle. 
(As  will  be  seen  by  reference  to  Fig.  22,  the  copper  element  of  the  first  cell 
only  is  connected  with  the  switch-board ;  each  of  the  other  copper  elements 
Ib  connected  with  the  zinc  element  of  the  adjacent  cell,  while  each  zinc 
element  is  connected  directly  with  a  corresponding  button  on  the  switch- 
board). The  wire  from  the  zinc  element  of  the  first  cell  is  &stened  to  but- 
ton 1  in  the  galvanic  circle.  The  wire  from  the  zinc  element  of  the  second 
cell  is  £Eistened  to  button  No.  2,  and  so  on,  until  the  entire  thirty-six  cells 
are  joined  in  series. 

Direction  for  operating.  To  obtain  a  galvanic  current.  Turn  all  the 
twitches  upon  the  buttons  marked  off. 

Turn  the  galvanic  switch  on  the  button  marked  with  the  number  of 
cells  wanted  in  circuit.  Turn  the  current-indicator  on  button  O.  Insert 
the  conducting  cords  in  binding  posts  1  and  2,  and  apply  the  current  as 
from  an  ordinary  battery. 

The  direction  of  the  current.  When  the  pointer  of  the  pole-changer 
points  to  button  1,  binding  post  No.  1  is  positive  and  No.  2  negative;  when 
it  is  turned  upon  button  2,  binding  post  No.  2  becomes  positive,  and  No.  1 
negative.    This  applies  alike  to  both  currents. 

To  increase  the  strength  of  tlu  current.  Suppose  the  galvanic  switch  is  at 
first  moved  upon  button  4,  then  four  cells  are  included  in  circuit ;  moving 


The  I«eolanohe  OeU  in  some  of  its  varied  forms  (tbo  diamond  carbon  being  one  of 
the  best)  is  f)ut  replacing  the  gravity  cell.  If  the  Leclanche  ceU  is  used,  substitute  carbon 
for  copper  in  the  above  description. 
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the  switch  forward  upon  buttona  5,  8,  7,  etc.,  includee  5,  6,  7  cella  reepeo 
lively  in  the  circuit ;  therefore,  to  increase  the  strength  of  the  current,  move 
the  switch  forward  over  the  button  marked  with  the  number  of  cells 
required. 

To  u»ii  the  galvanometer.  Turn  the  galvanic  switch  on  thehutton  marked 
with  tlie  number  of  calls  to  be  tested.  Turn  pilvanometer  switcli  on. 
Place  the  plug  in  the  socket  H  to  complete  the  i-ircuif  through  the  galvano- 
tnet«r.  Let  all  the  switches  be  in  the  sauie  position  as  described  for 
oblaJDin^  the  galvanic  current.  The  needle  will  be  deflected  if  any  current 
JB  passing  through  the  circuit.  The  deflection  of  the  needle  will  be 
increased  up  to  a  certain  angle  (see  page  130)  by  eAch  additional  cell 
included  in  the  circuit ;  beyond  that  no  increai^e  is  possible,  but  each  cell 
added  alter  the  maximuiu  deflection  is  reached  should  keep  the  needle  at 
this  point;  if  the  deflection  is  decreased  at  any  button  in  the  remainder  ol 
the  circle,  it  will  be  found  that  the  connection  between  that  button  and  its 
cell  ia  imperfect  or  broken,  or  that  the  eel!  is  out  of  order.  For  example, 
Buppoee  that  the  maximum  deflection  is  reached  when  ten  cells  are  brought 
into  circuit;  moving  the  switch  on  buttons  11,  12,  13  retains  the  needle  at 
this  point,  but  button  14  lessens  the  deflection  ;  it  will  be  found  that  either 
the  connection  of  the  fourteenth  celt  with  the  table-plate  is  at  fault,  or  from 
leakage,  evaporation  of  wat^r,  mixing  of  the  fluids,  or  corrorion  of  ele- 
ments, no  current  is  generated  in  the  cell. 

The  galvanometer  should  be  set  in  the  table-plate  so  that  the  needle 
may  point  to  the  north  and  0,  when  at  rest. 

Tani  off  the  galvanometer  »mich  ami  remove  plug  from  H  as  soon  aa  ths 
aurent  is  tested,  otherwise  the  current  will  pass  directly  through  the  uietal 
drcuit  completed  by  the  plug,  and  none  can  be  oblained  tram  tbe  binding 
poflts. 

To  uie  the  curretit-brtaker.  Arrange  the  switch  and  indicator  as  described 
for  the  galvanii-  current,  and  in  addition  turn  the  current-breaker  switeh 
on.    Thia  is  o{)crated  the  same  as  the  automatic  rheotome.  Fig.  32. 

Tlie  rheonlat.  This  is  composed  of  twenty-five  small  coils,  each  of 
which  offer  a  resistance  of  100  ohms.  The  buttons  attached  to  these  coils 
are  numbered  from  1  to  25,  the  ciphers  being  omitted  for  want  of  room. 

The  rheostat  is  introduced  into  the  circuit  by  simply  moving  its  switch 
npon  the  button  corresponding  with  tbe  number  of  ohms  resistance  wanted. 
If  the  switch  is  upon  hutti.in  4,  and  the  rheostat  is  includ«^d  in  the  circuit 
traversed  by  the  current,  the  latter  must  overcome  400  ohms  resistance  in 
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addition  to  the  ordinary  resistance  of  the  circuit.  If  the  switch  is  placed 
on  button  25,  the  resistance  is  2,500  ohms. 

The  use  of  this  rheosUiL  It  is  useful  in  central  galvanization,  in  treat- 
ment of  the  eyes  and  ears,  and  in  very  nervous  subjects.  It  may  also  be 
used  in  faradization.  A  mild  current,  such  as  is  suitable  for  many  purposes, 
does  not  possess  sufficient  energy  to  overcome  the  resistance  of  the  body, 
but  a  current  of  sufficiently  great  electro-motive  force  to  overcome  the 
2,500  ohms  resistance  in  the  circuit,  can  easily  penetrate  the  body,  while 
in  penetrating  through  such  a  resistance  it  loses  that  quality  which  causes 
a  shock,  or  painful  sensation,  when  the  circuit  is  opened  or  closed. 

The  rheostat  is  also  essential  in  keeping  the  cells  in  good  working  order 
when  used  but  little. 

To  keep  the  cells  in  order  when  little  used.  To  preserve  the  difference  in 
density  between  the  strata  of  fluid  in  the  cells,  they  should  be  run  an  hour 
or  two  daily,  and  since  a  short  circuit  with  little  resistance  permits  a  speedy 
restoration  of  electric  level  (potential),  it  is  essential  to  interpose  resistance 
in  the  circuit  to  preserve  the  difference  in  potential,  upon  which  the  work- 
ing power  of  the  cells  depends ;  therefore,  turn  the  galvanic  switch  upon 
button  36,  the  current  indicator  upon  O,  and  the  rheostat  switch  on  button 
25.    Let  all  the  other  stvitches  be  turned  off. 

To  use  the  faradic  current.  Turn  all  the  switches  off^  then  turn  the  gal- 
vanic switch  upon  button  3 or  4  (not  more  than  four  cells  are  needed  to  run 
the  coil).  Turn  the  faradic  switch  on;  also  turn  the  current  indicator  upon 
P  for  the  primary  or  S  for  the  secondary  current  If  the  rheotome  spring 
does  not  at  once  begin  to  vibrate,  tap  it  lightly  against  the  coil.  The  cur- 
rents are  regulated  by  the  shield. 

The  polarity  of  the  airrent  is  indicated  by  the  pole  changer. 

To  preserve  this  apparatus  in  good  working  order,  it  is  important  that 
all  the  switches  be  turned  off  when  it  is  not  in  actual  use,  except  when  run 
through  the  resistant^e  t\nl,  as  already  described. 

The  switch-board  shown  in  illustration  (U  is  designed  for  those  who 
employ  stationary*  cells,  but  do  not  want  so  elalx^rate  or  exj>en8ive  an  office 
apparatus  as  the  one  shown  in  Fig.  &2.  The  base  and  iX)ver  of  the  coil  are 
made  of  polisheil  black  rublx^r,  and  the  metal  ]^rt«  are  nickel-plated. 

The  galvanic  circle  may  Ih»  matle  to  include  any  nuiMl>er  of  cells. 

The  faradic  coil  is  ixuistructed  like  thi>8i*  on  the  iH)rtable  Initteries. 

The  polarity  of  current  is  changeii  by  the  double  switch  on  the  front  of 
the  base ,  uncovering  button  i*  makes  the  binding  |K>8t  to  the  right  ()06itive ; 
covering  button  P  makes  binding  |Kist  to  the  left  iK^sitive, 
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Tliefaradu:  current  \i  sent  through  the  binding  iwats  when  the  switch 
beside  the  coil  is  moved  on ;  the  primary  or  secondary  current  may  be 
selected  by  moving  the  Bwitcb  to  the  left  on  F  or  S. 


HcINTOBB  OOUBINED  BWTTCH-BOARD. 


BroGEsnoNs  ix  regasd  to  sELEcnsr.  a  battekt. 

The  physician  who  ia  about  to  begin  the  use  of  electridty 
in  his  practice  is  frequentlv  at  a  loss  to  know  wliat  kind  of 
an  instrument  to  select;  tlieretore  it  may  not  be  out  of  place 
to  offer  some  siiggeationa  dictated  by  experience,  as  an  aid  in 
makdiig  a  selection. 

The  first  thing  to  be  considered  is  the  purpose  for  which 
an  electrical  apparatus  is  re<juired.  If  it  is  desired  merely 
to  meet  the  popular  demand  for  electrical  treatment,  and  the 
purchaser  has  neither  the  time  nor  inclination  to  master  the 
prineiplea  underlying  electro-therapeutics,  a  good  faradic  bat- 
tery sliould  be  selected.  The  sound  and  sensation  it  produces 
impresses  the  patient  with  the  idea  that  something  is  being 
done,  while  there  is  little  danger  of  doing  hann  with  it  in  any 
reasonable  application,  as  painful  muscular  contractions  speedily 
warn  the  i>perator  when  the  current  is  too  severe. 

Those  practitioners  who  are  convinced  that  we  have  in  eleo- 
trieitY    a    valuable    remedial    agent,    and    desire    to    apply    it 
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scientifically,  either  generally  or  specially,  should  take  into 
consideration  the  class  of  disease  to  be  treated  and  the  kind 
of  electricity  they  wish  to  employ.  Any  extended  use  of  this 
agent  will  call  for  apparatus  to  produce  at  least  the  galvanic 
and  faradic  currents;  while  those  who  wish  to  use  electricity 
according  to  every  eflFective  method  will  find  it  necessary  to 
be  provided  with  the  static  as  well  as  the  above-mentioned 
apparatus.  The  magneto-electric  battery  for  generating  the 
magnetic  current  is  but  litde  used  at  present,  owing  to  the  uneven 
quality  of  the  current,  which  produces  pain  greatiy  out  of  pro- 
portion to  the  muscular  contraction. 

The  surgeon  will  need  a  galvanic  battery  for  electrolysis, 
and  a  galvano-cautery  battery  for  operations  in  which  cauteri- 
zation is  essential. 

Those  who  are  unacquainted  with  the  distinctive  character- 
istics of  the  instruments  required  for  the  production  of  different 
forms  of  electricity  may  be  saved  from  some  disappointment 
by  observing  that: 

1.  All  faradic  batteries  produce  a  buzzing  noise,  and  mus- 
cular contractions,  which  in  very  sensitive  subjects  are  always 
accompanied  by  pain  or  unpleasant  sensations.  In  ordinary 
patients  the  sensation  is  not  considered  painful  unless  the  cur- 
rent is  very  strong. 

2.  All  galvanic  batteries  are  silent,  and  produce  no  muscu- 
lar contractions,  except  at  the  instant  the  current  is  closed  or 
opened. 

The  current  from  a  large  number  of  cells  produces  a  distinctly 
burning  or  smarting  sensation,  or  in  some  cases  a  tremor,  while 
fiowing  uninterruptedly  through  the  circuit.  The  current  from 
a  few  cells  may  produce  no  sensation  whatever,  under  the  same 
circumstances ;  therefore  the  Henrntiona  of  the  jxitient  cannot  be 
relied  vpon  to  determine  wlietiier  a  current  is  actually  passing 
through  the  circuit. 
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3.  No  smgle  battery  can  give  both  a  galvanic  and  faradic 
corrent  that  is  efficient.  A  faradic  corrent,  it  will  be  noticed 
by  reference  to  preceding  pages,  is  produced  by  passing  a 
current  from  one  or  more  galvanic  cells  through  a  &radic  coil. 
A  very  few  cells  will  produce  as  strong  induced  currents  as 
the  wire  in  a  given  coil  is  capable  of  carrying,  and  adding 
more  cells  does  not  increase  the  current  proportionately ;  while 
so  much  force  may  be  applied  as  to  fuse  the  platinum  points 
of  the  vibrator,  or  to  compel  the  currents  to  overcome  the 
resistance  interposed  by  the  insulating  covering  between  the 
layers  of  wire,  and  make  short  circuits  within  the  coil,  thereby 
lessening  or  destroying  the  currents  that  should  pass  through 
the  connecting  wires  and  electrodes.  A  galvanic  current,  on  the 
contrary,  has  its  electro-motive  force  (propelling  force)  greatly 
increased  by  increasing  the  number  of  cells  in  circuit,  provided 
they  are  united  in  series  (the  zinc  of  one  cell  with  the  carbon 
of  the  adjacent  one).  As  the  power  of  overcoming  resistance 
depends  upon  the  electro-motive  force,  it  is  evident  that  the 
number  of  cells  in  the  circuit  must  be  in  proportion  to  the 
resistance  to  be  overcome.  As  we  have  already  stated,  the 
size  of  cells  is  of  little  importance  as  regards  the  strength  of 
current  from  a  freshly-charged  series.  If,  however,  chemical 
or  heating  effects  are  required  as  for  galvano-cautery,  the  size 
of  the  elements  is  an  important  factor,  and  the  lai'ger  the 
amount  of  element  surface  (within  a  certain  limit)  immersed  in 
fluid,  provided  they  are  connected  in  multiple  arc,  the  greater 
the  cautery  power. 

4.  The  term,  combined  galvanic  and  faradic,  as  applied  to 
certain  apparatus  herein  described,  is  not  intended  to  imply  that 
there  is  any  combination  of  the  two  currents.  It  simply  means 
that  each  battery  contains  the  necessary  combinations  for  produc- 
ing two  distinct  forms  of  electricity.  When  the  faradic  current 
is  in  use,  that  portion  of  the  instrument  which  generates  the 
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galvanic  current  is  not  in  action,  and  vice  versa.  The  only 
exception  to  this  is  in  case  it  is  necessary  to  apply  a  galvanic 
current  to  one  patient  and  a  faradic  current  to  another  at  the 
same  time,  when  the  two  portions  of  the  battery  may  be 
employed  precisely  the  same  as  if  they  were  two  separate 
batteries.  The  only  object  in  combining  two  instruments  in  one 
case  is  merely  for  convenience.  The  combined  instruments 
weigh  less  than  two  separate  batteries  that  furnish  currents  of 
equal  power. 

5.  The  static  machine  should  not  be  relied  upon  to  furnish 
all  the  electricity  required  in  practice,  because  it  is  too  fragile 
to  be  portable.  It  is,  however,  an  excellent  adjunct  to  an  office 
outfit  and  is  especially  valuable  in  nervous  diseases.  One  excel- 
lent point  in  its  favor  is  tliat  there  is  no  necessity  of  disrobing 
the  patient  or  even  disarranging  the  clothing.  It  furnishes 
electricity  of  immense  potential  (power  of  overcoming  resist- 
ance). 

6.  Galvano-cautery  instruments,  as  before  stated,  are  suitable 
for  no  other  purpose  than  for  cauterization. 

7.  The  qualities  required  in  both  galvanic  and  faradic  instru- 
ments are :  high  and  constant  electro-motive  force ;  small 
internal  resistance ;  a  constant  current  free  from  polarization, 
not  liable  to  rapid  exhaustion,  and  consequently  requiring 
frequent  renewal  of  battery  fluid.  There  should  be  no  local 
action  when  the  circuit  is  open,  and  no  corrosive  fumes  at  any 
time ;  they  sliould  be  easily  managed ;  they  should  be  durable 
and  not  too  expensive. 

Xo  battery  has  yet  been  invented  that  possesses  all  these 
qualities  in  the  highest  attainable  degree ;  therefore  it  becomes 
necessary  to  choose  an  instrument  which  combines  those  most 
essential  for  the  purposes  for  which  it  is  to  be  employed. 

For  ojfice  pnxcUce^  where  a  battery  is  needed  frequently  and 
portability  is  no  object,  a  constant  current  from  cells  that  reauire 
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little  attention  is  to  be  preferred.  There  is  gain  in  steadiness  of 
current  at  the  expense  of  loss  of  electro-motive  force,  which  may 
be  compensated  for  by  using  a  larger  number  of  cells.  Those 
which  require  little  attention  are  necessarily  bulky.  For  general 
practice  small  cells  are  essential  to  portability,  although  they 
require  frequent  renewal  of  fluid,  for  the  number  of  cells  must  be 
limited  and  the  small  number  that  can  be  carried,  to  be  effective, 
must  have  great  electro-motive  force.  Since  the  latter  is  in  direct 
proportion  to  the  amount  of  zinc  used  up,  batteries  of  great 
electro-motive  force  and  working  capacity  need  new  zincs  much 
oftener  than  those  in  which  chemical  action  is  slight  and  the 
resulting  currents  comparatively  feeble. 

TO   DISCOVER  THE   CAUSE   WHEN  A   BATTERY   FAILS  TO   WORK. 

The  passage  of  a  current  through  the  circuit  from  a  fa/radic 
lattery  is  made  known  by  sound  made  by  the  vibrator,  but 
the  galvanic  battery^  being  noiseless,  requires  other  tests,  which 
are  given  on  page  116.  The  cause  of  failure  in  either  battery 
may  be  (1)  that  no  current  is  generated  ;  (2)  that  the  connec- 
tions are  imperfect  The  former  may  be  due  to  the  fact  that 
the  fluid  is  exhausted  or  the  zinc  element  destroyed,  so  that 
it  does  not  extend  below  the  surface  of  the  fluid,  and  fresh 
fluid  or  a  new  zinc  must  be  supplied.  Deposits  of  cKroine 
alum,  crystals  in  the  cell  may  interfere  with  the  passage  of  the 
current;  they  should  be  dissolved  in  warm  water,  and  never 
broken  up  forcibly,  as  the  cells  are  liable  to  be  cracked  or 
broken  in  the  process.  The  dements  may  become  incrusted 
with  salts,  and  thereby  interfere  with  the  generation  or  con- 
duction of  the  current ;  they  may  also  be  cleaned  by  soaking 
in  warm  water.  Copper  and  zinc  may  be  scraped,  but  carbon  is 
brittle  and  must  be  handled  with  care.  In  case  there  is  a 
current  generated,  while  none  passes  through  tlie  circuit,  the 
fault  may  be  in  the  hinding  posts^  the  cords^  the  eUctrodes^  or 
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in  the  faradic  battery,  the  adjustment  of  the  rheotome.  The 
sockets  in  the  binding  j>osts  may  have  become  corroded  (this 
can  only  occur  through  carelessness  in  spilling  acid  upon  them) 
or  partially  filled  with  dirt,  so  as  to  prevent  close  contact  with 
the  conducting  cord ;  in  either  case  they  must  be  cleaned. 
The  conducting  cords  may  be  broken.  To  determine  if  this 
has  occurred,  a  galvanometer  may  be  included  in  the  circuit,  when 
a  galvanic  or  primary  faradic  current  is  being  tested.  Two 
iron  or  copper  wires  may  be  used  to  connect  the  galvanometer 
with  the  battery ;  if  the  needle  is  deflected,  it  shows  that  a 
current  is  present ;  substitute  first  one  cord  and  then  the  other 
for  one  wire ;  the  broken  cord  will  prevent  any  deflection  of 
the  needle.  The  secondary  faradic  current  does  not  afiect  the 
galvanometer,  therefore  it  must  be  tested  by  its  effect  on  sen- 
sation. A  faradic  current  can  be  distinctly  felt  by  placing  one 
finger  on  tlie  positive  and  another  on  the  negative  binding 
post ;  or  connect  one  cord  with  either  post,  hold  its  free  tip, 
and  at  the  same  time  touch  the  other  post  If  the  cord  is 
broken,  no  current  will  be  felt 

Tlie  electrodes  are  at  fault  when  a  current  passes  through 
the  conls  but  none  through  the  circuit  There  may  be  imper- 
fect junction  of  conducting-cord  tips  with  electrode,  or  the 
surface  of  the  electrode  in  contact  with  the  patient  may  be 
covennl  with  non-conducting  material,  such  as  dry  sponge  or 
cloth,  in  which  case  the  covering  must  be  moistened.  The 
rheotome  of  the  fanuiic  battery  may  need  attention.  The  direc- 
tions for  adjusting  the  spring  will  be  found  under  Fig.  47. 
The  j)latinum  jmints  may  Ik»  iwen^d  with  rust,  which  must  be 
scrajHHl  ort*  with  a  knife  or  emery  paper ;  the  presence  of  rust, 
when  it  dt>es  not  um»st  the  currtuit  altogether,  makes  it  uneven 
and  harsh.  In  addition  to  the  causes  already  given,  the  rheo- 
tome spring  may  beci>mo  tiH>  weak  and  neeii  replacing;  the 
cimI  or  platinum  }K>int8    may  be    damaged   by  connecting  too 
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many  cells  in  circuit,  or  the  battery  connections  be  broken. 
The  latter  can  only  occur  as  a  result  of  violent  usage,  such 
as  fells,  etc.  If  the  spring,  coil  or  connections  need  repairs, 
the  instrument  must  be  sent  to  the  maker ;  when  this  becomes 
necessary,  always  see  that  the  ceUs  are  empty  hefore  shipping. 

APHOBISMB  FOR  THE   APPLICATION   OF   DYNAMIC   ELECrrRIOITY. 

1.  Both  galvanism  and  faradism  require  that  there  should 
be  two  separate  points  of  the  body  connected  with  the  battery, 
one  with  the  negative  and  one  with  the  positive  pole. 

2.  The  conductors  must  be  in  direct  contact  with  the  skin 
or  other  tissues  to  be  treated ;  dynamic  currents  cannot  pass 
through  the  clothing. 

3.  Electricity  given  in  such  a  way  as  to  frighten,  excite  or 
hurt  a  patient  does  more  harm  than  good. 

4.  A  current  so  strong,  or  applied  so  long^  as  to  produce 
soreness  of  muscles,  cramps,  or  great  fatigue,  does  more  harm 
than  good. 

6.  The  operator  should  try  the  various  currents  by  finger 
tips,  face  or  tongue,  until  thoroughly  familiar  with  the  sensa- 
tions normally  produced,  and  then  make  great  allowance  for  the 
nervous  fears  of  the  patient^  especially  if  the  latter  is  not 
famiMa/r  with  electrical  treatraent. 

6.  Too  weak  a  current  can  never  do  harm,  but  too  strong 
a  current  is  capable  of  producing  irreparable  mischief.  A  little 
experience  will,  soon  enable  the  operator  to  strike  the  golden 
mean. 

7.  Every  precaution  should  be  taken  against  exposing  a 
patient  to  drafts  or  cliills  during  a  sitting.  If  any  part  of  the 
clothing  must  be  removed,  an  extra  wrap  should  be  thrown 
over,  and  the  treatment  be  carried  on  under  cover.  The  operator 
should   scrupulously   avoid   using   sponges  moistened   in   cold 
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water,  or  applying  a  cold  metal  conductor  to  the  bare  feet  or 
other  part  of  the  body. 

8.  Galvanic  and  primary  faradic  currents  have  a  definite 
direction,  that  is  fix>m  positive  to  negative  points  in  the  circuit, 
and  the  location  of  electrodes  must  be  determined  by  the  effect 
to  be  produced.  The  secondary  faradic  current  moves  in  both 
directions.  The  poles  of  the  secondary  current  are  designated  by 
determining  the  poles  of  the  induced  current  generated  on  closing 
the  galvanic  current  This  is  done  because  the  physical  and 
physiological  effects  of  this  current  are  much  more  maiiced  than 
those  of  the  induced  current  produced  on  opening. 

ELECTBODXS. 

Faraday  named  the  points  at  which  electricity  enters  and 
leaves  a  substance,  electrodes ;  the  same  term  is  now  applied 
to  the  conductors  through  which  electricity  is  conveyed  to  and 
from  tlie  body  in  medical  treatment  The  efiect  produced  by 
the  current  depends,  to  some  extent  upon  the  electrodes,  and 
may  l>e  modified  by  the  vuiterial  of  which  they  are  made, 
their  xA<iy)f\  their  sise^  and  their  location.  Electrodes  are 
usually  made  of  bras$,  carbon,  sponge;  steel,  silver,  gold, 
platinunu  and  some  otiier  materials,  are  occasionally  employed. 
Tho  size  and  sha{H>  nmst  be  adapted  to  the  purpose  for  which 
tlu\v  an>  to  K^  usihI.  To  treat  single  nerves,  or  muscles,  and 
t\)  Kvalixo  a  ourn^nt  riHiuiros  at  least  one  small  electrode, 
sha)HHl  8o  that  it  may  be  acinirately  applied.  Large  electrodes 
give  a  jrri^Uor  jiurfaw  of  tx^ntaot  therefore  there  are  more 
l><ul\8  for  oKH^trioity  to  tmvors^^»  ;  iH^nsiHjuently  the  current 
brHnol\0!^  an^  U^s  oi\»^"xKhI  t\>^^ther  ^lej^^s  densei,  and  produce 
loss  ortivt  on  tl\o  outautHms  norvos  of  sonsation  ;  for  this  reason 
a  n\uoh  s^^^^n4^»r  ourr\>nt  oan  W  K^mo  when  applied  through 
largx^  oUvtrvnlos  ovonlv  pri^sstnl  on  ilio  surface.  When  a  veiy 
;SKmsitivo   jviUionf    is  to   nnvivo  (roatmont  for  the  first  time,  or 
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one  in  whom  an  ill  eifect  is  feared,  it  may  be  advisable  for 
the  operator  to  apply  a  very  mild  current,  using  the  hand  as 
one  electrode.  To  do  this  it  is  necessary  to  connect  one  large 
electrode  with  some  part  of  the  patient  which  has  little  sensitive- 
ness, while  the  operator  holds  the  other  electrode  in  one  hand, 
and  applies  the  firee  hand  to  the  surface  of  the  patient.  There 
are  certain  advantages  arising  from  this  procedure  ;  the  hand  can 
be  better  adapted  to  all  the  inequalities  of  the  surface  than 
any  instrument ;  the  arms  and  hands  of  the  operator  thus 
interposed  in  the  circuit  act  the  part  of  a  rheostat  in 
modifying  the  current,  and  it  is  possible  to  judge  of  the  strength 
of  the  current  passing  through  the  circuit.  The  disadvantages 
which  will  readily  occur  to  any  physician  are  so  many,  that  it 
is  advisable  to  reserve  this  method  for  exceptional  cases.  It 
is  highly  recommended  by  some  authors,  who  state  that  it 
produces  no  injurious  eflTect  upon  the  operator,  even  when 
practiced  for  many  hours  daily.  Patients  are  quite  apt  to  be 
curious  in  regard  to  this  point,  and  it  is  not  easy  to  explain 
why  electricity  is  expected  to  materially  benefit  them,  and  at 
the  same  time  produce  absolutely  no  effect  on  the  operator, 
through  whom  it  is  first  carried.  It  may  be  true  that  with  a 
battery  of  feeble  power  no  marked  effect  is  produced,  but  it 
is  a  different  affair  when  the  energetic  zinc  and  carbon  bat- 
tery is  in  question.  Electrodes  in  such  variety  are  now  pro- 
vided, that  it  is  no  longer  necessary  to  use  the  hand  at  all. 
The  location  of  electrodes  exerts  an  important  influence  upon 
the  effect  of  the  current ;  placed  very  near  together,  eleo- 
tridty  is  concentrated,  and  produces  a  much  greater  effect 
upon  the  tissues  between  the  electrodes  than  when  the  latter 
are  fiir  apart,  since  in  this  case  the  current  branches  diverge, 
taking  the  paths  of  least  resistance.  As  a  rule,  the  electrodes 
are  placed  far  apart  in  general,  and  near  together  in  localized 
eleotrization. 
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Electrode  covers.  Large  sponges  are  extensively  employed 
for  general  electrodes ;  when  moist,  they  are  excellent  conduc- 
tors, can  be  readily  adapted  to  different  parts  of  the  surface, 
and  produce  the  effect  of  a  rheostat  in  modifying  the  current. 

It  is  surprising  to  note  how  extremely  regardless  of  cleanli- 
ness even  fastidious  practitioners  become  when  electrodes  are 
in  question.  It  is  exceedingly  rare  to  find  one  who  provides 
a  fresh  sponge  or  a  clean  cover  for  each  patient,  and  yet  its 
importance  will  be  readily  admitted.  Sponge  very  quickly  be- 
comes  foul,  it  is  capable  of  conveying  contagious  material,  it 
is  difficult  to  dry,  and  soon  corrodes  the  sur&ce  to  which  it 
is  fastened,  impairs  conduction  of  current,  and  when  packed 
with  other  instruments  causes  them  to  rust  Manufacturers 
supply  sponge-covered  electrodes  because  such  are  demanded 
by  tlie  profession ;  but  the  latter  would  never  consent  to  have 
applied  to  their  o¥m  persons  the  filthy  sponges  reeking  in  the 
accumulations  of  perspiration  and  other  excretions  derived  fix>m 
the  muci>us  and  cutaneous  surfaces  of  many  individuals,  the 
clean  and  dirty  alike,  which  same^  at  least,  do  not  scruple  to 
apply  to  their  patients.  For  a  universal  electrode,  the  one 
provided  with  a  carbon  disc  is  incomparably  superior  to  those 
of  ordinary  metal,  sponge-covered. 

If  metal  is  preferred,  one  like  Rg.  86  is  convenient,  as  the 
sponge,  or  ci>ver,  can  be  fasteneil  on  or  removed  in  an  instant, 
and  each  iviUient  bo  provided  with  a  separate  one. 

To  purify  ^jxmge  Electroife^.  It  is  said  that  sponges 
tiiat  havo  luvn  so^ikeil  in  pus  and  infectious  materials  may 
be  not  imly  pertWtly  puritieii,  but  even  the  marine  odor 
may  W  restonnl,  by  tho  following  process :  Soak  them  in  a 
four  jHT  wnt  solution  jHTinanganato  of  potash,  then  in  twenty- 
five  |H'r  ivnt  solution  sulplum^us  acid,  finally  wash  in  abun- 
daiuv  i>f  wator.* 


•  .4rKru>m  J^nitno*'  \\^  l^rMtH>.  Vol  xUv,  |v  CMk 
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A  bag  made  of  waterproof  material  is  useful  for  carrying 
sponge,  and  with  an  adjustable  handle,  and  due  attention  to 
cleansing  and  disinfection,  most  of  the  objections  to  sponge 
may  be  overcome.  Its  numerous  excellent  qualities  for  electrical 
purposes  make  it  almost  indispensable.  When  it  is  impossible 
to  provide  a  suflScient  supply  of  sponges,  or  to  keep  them  in 
good  order,  thin  flannel  covers  should  be  substituted  for  them. 
They  may  be  bound  with  elastic  tape  or  rubber  bands,  can 
then  be  slipped  over  a  sponge  or  metal  electrode,  and  are  self- 
retaining. 

The  flannel  should  be  wet  when  used.  The  current  does 
not  pass  quite  so  readily  through  this  as  through  sponge  alone, 
but  if  the  battery  supplies  a  current  of  suflicient  electro-motive 
force  to  penetrate  deeply  into  the  tissues,  it  can  overcome  the 
resistance  of  the  covers  sufficiently  for  all  practical  purposes. 
The  covers  are  inexpensive,  may  be  laundried,  and  serve 
repeatedly. 

The  various  styles  of  electrodes  will  be  described  in  con- 
nection with  the  diseases  in  which  they  are  employed. 


CHAPTER  Yin. 

ELECTRO-THERMAL  BATHS. 

The  application  of  franklinisni  as  an  electric  bath  has  been 
described  on  page  70.  Dynamic  electricity  is  applied  in  con- 
junction with  water,  vapor  or  hot  air,  under  the  general  name  of 
elect n>  thermal  baths. 

Galvanism  has  been  applied  through  the  bath  with  the  idea 
of  extracting  certain  metals  from  the  body,  and  also  to  introduce 
medicinal  substances  into  it,  but  there  is  no  well-established 
proof  that  either  can  be  done.  The  bath  is  advantageously 
employeil  when  genenil  applications  of  either  the  galvanic 
or  fanulic  current  are  to  be  made. 

Voltii,  Humboldt,  Ritter,  Weber,  Lentz,  etc.,  experimented 
to  determine  the  cH)mpjinitive  rt*sist4Uice  otiered  by  the  skin. 
AVeber  asserts  that  a  thin,  moist  and  cold  epidermis  opposes  a 
griMiter  rosist^uit^e  than  the  R»st  of  the  boily,  but  a  dry  epidennis 
otibrs  fifty  times  i^ivater.  Owing  to  this,  when  conductors  are 
in  ct^ntAct  with  the  skin,  the  galvanic  current  does  not  spread  over 
its  suriai»e,  but,  i>enetniting  it,  flows  inside  the  body  to  some 
other  part  of  the  epidermis.  Resistimce  is  greatly  diminished 
by  long  soaking  in  water,  or  when  the  capillaries  are  filled  with 
bUxnl.  Ix^nz  ami  Du  l^>is-Reyinond  found  that  resistance  of  the 
Innly  is  nearly  inversely  to  the  extent  of  wet  skin  in  contact 
with  the  eliH'triHles.  Tlie  etftH*t  ilejK»nds  to  Si>me  extent  upon  the 
tomperatmv  of  the  water  ;  to  the  etfivt  pnxluced  by  an  ordinary 
bath  at  a  given  lemperaluiv  is  addinl  that  which  resv.ltc  i  o;  :  the 
ekvtric  curn»nt.  It  is  believed  that  then>  is  less  liability  to  take 
ei>ld  than  when  an  ehn'trio  eurn^nt  is  not  employed,  and  greater 
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tolerance  of  electricity  when  given  through  the  bath  than  when 
a  general  application  is  made  without  the  bath. 

Tepid  laths  are  those  from  85°  to  95°  F.  Their  effect, 
independent  of  the  current,  is  confined  to  the  peripheral 
extremities  of  the  nerves ;  they  produce  a  sensation  of  either 
heat  or  cold,  according  to  the  temperature  of  the  body  at 
the  time  of  immersion.  They  are  not  followed  by  reaction, 
and  may  be  continued  longer  than  any  other  variety  of 
bath.  They  cleanse  the  skin,  promote  perspiration,  and  allay 
thirst.  If  there  is  a  tendency  to  apoplexy,  cold  water  should  be 
applied  to  the  head  while  the  patient  is  in  the  bath.  The  effect 
of  electricity  will  vary  according  to  the  kind  of  current  that  is 
emploj'ed,  the  direction  of  the  current,  and  its  strength.  These 
should  be  determined  by  the  same  rules  that  guide  us  in  ordinary 
electrizations.  It  is  important  that  caution  should  be  exercised 
in  applj'ing  the  galvanic  current  in  the  bath,  since  it  produces 
very  slight  sensation,  and  there  is  a  temptation  to  join  too  many 
cells  in  circuit.  Six  to  twelve  zinc-carbon,  or  ]>ossibly  eighteen 
gravity  cells  may  be  well  borne,  but  the  effect  of  galvanism  upon 
the  patient  should  be  observed  before  employing  the  largest 
number  of  cells  named. 

The  wwrm  hath  has  a  temperature  of  96°  to  104  °  ;  this  causes 
a  sensation  of  warmth,  or  coolness,  according  to  the  condition  of 
the  skin  on  entering  the  bath.  It  increases  the  circulation  and 
perspiration,  and  quickens  the  respiration.  It  produces  relaxa- 
tion of  muscles,  languc^r  and  a  tendency  to  sleep.  It  is  employed 
to  assist  in  the  reduction  of  dislo:-ati.)ns  of  the  larger  joints,  and 
hemise.  It  is  used  with  the  greatest  advantage  in  the  passage  of 
calculi,  whether  urinary  or  biliary :  it  relaxes  the  ducts,  and 
thereby  alleviates  the  pain,  and  facilitates  the  passage  of  the 
concretion.  In  inflammations  of  the  stomach,  kidneys,  bowels, 
bladder,  it  has  proven  a  valuable  and  powerful  agent ;  eruptive 
diseases,  such  as  scarlet  fever,  measles,  etc.,  when  the  eruption 
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has  receded  from  the  surface ;  in  chronic  skin  diseases,  rheuma- 
tism, amenorrhea  and  dysmenorrhea,  it  is  highly  serviceable. 

The  hot  bath  has  a  temperature  of  102°  to  110  °.  This  causes 
a  sensation  of  heat,  renders  the  pulse  stronger  and  fuller, 
quickens  respiration,  produces  at  first  intense  redness  of  the 
skin,  resulting  later  in  profuse  perspiration  ;  it  occasions  violent 
throbbing  and  fullness  of  the  head,  with  frequently  a  feeling  of 
sufF(»cation  and  anxiety ;  being  a  powerful  excitant,  it  must  be 
used  with  caution.  It  is  employed  principally  in  paralysis, 
rheumatism,  and  some  other  chronic  diseases  ;  it  is  also  em- 
ployed in  collapse,  and  has  proven  valuable  in  this  stage  of 
cholera. 

Very  hot  haths  comprise  evers^thing  above  110°;  over  120° 
they  are  scalding.  A  bath  from  119°  to  126°  causes  a  rise  of 
2°  to  4^°  in  the  tem{)erature  of  the  blood,  and  can  be  borne  but 
a  few  minutes.  It  pi*oduces  violent  reflex  action  on  the  heart 
and  arterial  system,  great  congestion  of  the  skin,  followed  by 
excessive  perspiration. 

Objecthns  to  the  electric  bath.  Numerous  objections  have 
been  made  to  this  nietho<l  of  applying  electricity,  on  the  ground 
that  it  is  depressing  in  its  effect,  produces  chilliness,  has  been 
known  to  precij)itate  attacks  of  apoplexy,  heart  affections,  faint- 
ing, and  even  death.  There  are  persons  who  cannot  take  an 
ordinary  bath  without  great  depression  or  chilliness  following  it 
Electric  baths  are  contm-indicated  in  these  cases. 

In  regard  to  the  iK*cidents  referred  to,  electric  baths  can  never 
cause  them  if  lylministered  with  ordinary  prudence  unless  the 
patient  is  in  such  a  condition  that  the  attack  is  inevitable.  It  i& 
scarcely  necessary  to  atld  that  such  patients  should  never  be  per- 
mitted to  Uike  an  electric  bath. 

These  baths  should  not  be  taken  immediately  after  eating ; 
I  hey  may  bo  repeated  from  one  to  three  times  weekly.  They 
shouKl  not  be  given  when  strictly  local  treatment  is  required. 
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When  a  feeling  of  languor  or  debility  follows  for  some  liniirs, 
it  is  an  indicatior  that  too  powerful  a  current  was  employed,  that 
it  was  continued  too  long,  or  that  it  ia  not  adapted  to  the  case. 
Electric  baths  of  suitable  strength,  and  administered  with  jndg- 
ment,  will  not  disagree  except  with  patients  who  cannot  tolerate 
immersioii  in  a  simple  water  bath. 

METHOIl   or    KMPI/linNO   THE    ELECTRIC    BATil. 

The  tub  shown  in  Fig.  66  should  be  iilled  a  few  inches  above 
the  stationary  electrodes  with  water  of  the  temperature  required. 
This  sliould  always  be  determined  by  the  tbennoraeter.  The 
patient,  after  removing  tlie  clothing,  wraps  up  in  a  dry  sheet  and 
steps  into  llie  tub  before  the  circuit  is  doted.  (The  sheet  is 
retained  around  the  patient  until  the  bath  is  over.)  An  oil  silk 
or  rubber  cap.  made  in  the  form  of  a  "  sweeping  cap,''  should  be 
snugly  drawn  over  the  hair  to  protect  it  1mm  moisture,  and  the 
rack  raised  high  enough  to  keep  the  head  out  of  tlie  water.  The 
galvanic  or  faradic  circuit  is  completed  and  the  switches  on  the 
apparatus  are  arranged  to  send  the  current  tlirough  the  parts  to 
be  treated. 

The  bath,  as  a  rule,  should  not  continue  longer  than  fifteen  to 
twenty  minutes,  unless  tepid  water  is  employed,  and  even  in 
that  case  electricity  should  not  be  applied  longer  than  the  time 
named,  with  rare  exceptions.  Tlie  patient  may  step  out  of  the 
bath  upon  a  mg  or  carpet  (never  uixin  oilcloth  or  the  bare  floor) 
and  be  quickly  dried.  The  towels  should  be  dry  and  warm  when 
used;  and  usually  after  the  bath,  if  its  temperature  has  been  above 
that  of  tepid  water,  it  is  advisable  to  cool  the  surface  by  shower- 
ing with  water  that  m  at  first  warm  and  gradually  cooled  down 
to  about  90°,  or  a  little  lower  in  cold  weather,  for  two  or  three 
minutes,  after  which  the  patient  exercises  the  muscles  in  drying 
the  surface,  so  as  to  cause  a  reaction  and  prevent  chillinese. 
This  measure  is  not  of  so  much  importance  after  a  faradic  as 
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after  a  galvanic  bath.  A  delay  of  tweoty  to  thirty  miniiles 
before  going  into  the  open  air  is  desirable.  Tlie  tlierapeiitical 
effects  of  these  two  baths  ditfer ;  one  should  not  be  aobstituted 
for  the  otJier,  The  reader  is  referred  to  the  article  on  differential 
diagnosis  for  suggestiona  in  regard  to  selection  of  current 
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Fig.  65  r^'t'^^sents  an  attraclive  and  valuable  apparatus  de- 
ugned  for  oflicv  practicv,  and  also  including  tiie  neoesaai; 
attachments  for  ihv  vKH-tric  bath.     Tlie  switches,  binding  posts 


ELKCTtUKTUEBUAL   BATHS.  325 

and  all  metal  parts  ore  heavily  nickel-plated,  and  mimnted  on 
highij'-poliahed  black  rubber,  which  uot  only  affords  an  effective 
contrast,  but  enhances  tlie  durability  of  the  apparatus.  It  far- 
nishes  a  galvanic  current  from  any  number  of  cells  required. 
The  faradie  coil  is  constriieted  <m  an  original  plan,  by  means 
of  which  currents  are  produced  poBsessing  much  greater  quan- 
tity than  ordinary  induction  currents;  they  are  consequently 
smoother  and  at  the  same  time  more  efficient.  They  can  be 
graduated  so  as  to  be  suitable  for  the  most  delicate  organ  and 
sensitive  patient,  or  increased  to  a  strength  which  enables  them 
to  overcome  an  enormous  resistance  in  the  external  circuit 
Faradie  coils  of  usual  size  are  not  sufficiently  powerful  for  all 
the  requirements  of  the  bath. 

DESCRTPTION  OF  Fio.  6S, 

The  horixm^al  baae  has  arranged  upOQ  it  the  large  faradiu  coil,  rheo- 
toine  and  two  pairs  of  binding  poets.  The  faradie  coil  ia  op«iuted  by  the 
taiy  cell.  Fig.  23. 

The  upright  bate.  The  circle  of  buttooa  in  the  cenWr,  numbered  fronj 
1  to  60,  are  connected  with  sixty  pmvity  cells,  and  are  used  only  to 
supply  a  galvanic  current.  (These  may  be  arraoged  for  a  greater  or  lesa 
number  of  cetU.) 

ThM  iieitck  in  the  center  is  represented  turned  on  button  O.  between  flO 
aad  1,  which  has  no  connection  with  the  cells.    It  is  called  the  ^uonic 

Tht  runich  above,  atarktd  B,  is  called  the  baUery  switch;  It  is  turued 
"on"  when  the  faradie  current  is  used,  and  at  no  other  time. 

Tht  swUeheg  marked  II,  S,  C,  B,  H,  K,  on  the  left,  are  connected  with 
the  stationary  electrodes  in  the  left  side  of  the  bath-tub  (see  Fig.  66)  by 
insulated  copper  wires ;  these  wires  may  be  of  any  length,  so  that  the  tub 
can  be  placed  in  a  room  distant  from  the  apparatus. 

Switcka  F,  S,  C,  etc.,  on  the  right  are  connected  with  the  atationary 
electrodes  in  the  right  side  of  the  tub. 

Suiiteh  H,  at  the  upper  left-hand  corner,  when  turned  on  button  Q, 
sends  a  galvanic  current  through  the  binding  potU  on  ttie  horizontal  baae; 
when  tmued  on  P,  a  primary  faradie  current,  and  on  8  a  secondary  faradie 
cunent  ia  sent  through  the  binding  poit». 

Sviteh  T,  at  the  upper  rieht-hand  corner,  whea  turned  on  Q,  sends  a 
galvanic  current  through  the  Uib;  when  turned  on  P,  a  primary  and  on 
S  a  secondary  faradie  current  through  the  tub. 
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COUBIKBD  OFFICE  AKD  BATH  APPAKATtlS  (JO.  1 
Bue.  11  X  i*H  Inchea.    Front,  IB  X 14^  Inche*. 

This  apparatus  is  cnnstructed  on  tbe  same  principle  as  No.  1,  but  on  n 
less  expensive  plaii.  The  n>il  is  inclosed  in  a  trian^ilar  wooden  oaae,  the 
front  of  whioh  is  composed  of  polished  black  rubber.  The  switches,  bind- 
ing posts  and  rheolome  are  nickel-plated  and  arrangeit  on  the  doping 
front.  Any  number  of  galvanic  eella  may  be  used  with  it;  the  tray  cell  is 
connected  with  the  roil.  The  apparatus  is  manipalated  in  the  manner 
described  under  Fig.  65. 

THE    IIATH-TCB. 


The  batli-tub  fi>r  electritwl  purposes  mnst  be  made  of  some 
non-conducting  material,  such  as  wootl,  soapstone,  porcelain, 
valcaiiizeil  rubber  or  glass.     When  econom;- must  be  consulted. 
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wood  or  rubbcr-cJoth  tubs  may  bu  aolected.  Tiie  latter  are 
neither  ver^'  durable  or  convenient  (since  no  permanent  connec- 
tion with  water  or  drain  pipes  can  be  made),  llierefore  wooden 
tubs  are  to  be  preferred.  The  inside  must  be  kept  well  painted, 
otherwise  tlie  wood  will  become  water-soaked,  and  in  consequence 
a  good  conductor  of  eleetricitv.  The  size  nf  the  tub  sJiown  in 
the  illustration  is  sufficient  for  almost  any  patient  The  rack  is 
fastened  to  the  tub,  at  its  lower  edge,  by  hinges,  which  permit  it 
to  be  raised  to  accommodate  a  patient  of  short  stature ;  hooks 
attached  to  it  (not  shown  in  cut)  fasten  it  to  the  sides  of  the  tab 
at  any  angle  required.  The  electrodes  at  the  head  and  foot 
cannot  be  seen  ;  they  are  of  the  same  material  as  those  in  the 
sides  of  the  tub,  which  »Pe  of  carbon  or  nickel-plated  brass. 


2  Inches  at  the  lop;  *  let 

Width,  22  Incbet  at  ibe  top:  19  inches  at  the  b 

Depth,  17  inehes. 

B,TiUk:  H.  electrode  C«s<enei1  lohe&dottbe  tub; 

tab;  SS, shoulder  ulcclrodc,  tocaUed  tiecauM  when  on 

the  ocher  with  the  oegatlTe  pole  of  the  appiiralua.  a  en 

C  C.  cbeit  clectrDdes;  B  B,  bMk  electrodes :  H  B.  hip  i 


These  are  connected  by  insulated  copper  wires  with  buttons  on  the 

table  plate  or  switch-bonrd,  markeii  with  the  same  letters,  so  that,  with  tha 

'  ttic  Bwitch-l)oard  in  another, the opemtorcsn  manipn- 

late  the  switches  an<l  bend  a  current  ttirough  any  part  of  the  patient  in  tb« 

tQb. 


'  F.eleccrodefasienedlofijolOftho 
1 1)  connected  with  the  paailireaDd 
real  paxMs  through  the  shoulden ; 
ectiDdes;  K  K.  koee  eleclrodes. 
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This  beantiful  and  elaborate  apparatus  is  especially  designed 
for  hospitals,  hoaltli  institutions  and  medical-bath  establislimeota, 
where  many  patients  are  treated.  It  may  be  connected  with  one 
bath-tub  and  one  cabinet-bath,  in  separate  rooms,  and  while  8up- 


pl;rinj;  •  carri>i)t  ht  t\n\-  ,  dme  bo  employed  in 

trvAtiitft  tvi.>  (MitietitA  in  ,  ,  -vm.     The  metal  work 

is  al]  Iwaivilr  niftcvt-plHli^l,    ttiid    hkhuiIi^I   ou   polished  hiaA. 
mbtwr,  whict)  i»v«ont«  m  ploiuitit^  ntutract,  in  additkn  to  the 
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perfect  insnlation  secured  by  the  use  of  the  rubber,  and  the 
durability  of  the  metal  parts,  protected  as  they  are  by  the 
nickel-plate,  which  is  not  easily  tarnished  or  corroded. 

It  is  constructed  on  a  plan  similar  to  No.  1,  but  has  sev- 
eral accessories  not  found  on  any  other  electrical  apparatus. 

The  galvanic  current  is  supplied  from  any  number  of  gravity 
oells  that  may  be  required.  The  faradic  current  for  the  bath  is 
supplied  by  the  large  coil  connected  with  a  tray  cell.  The 
small  ooil  to  be  used  either  for  office  electrization  or  the  cabi- 
net bath,  is  connected  either  with  the  tray  cell  or  the  requisite 
number  of  gravity  cells,  according  to  the  arrangement  of  the 
switches  J  J. 

The  greatest  number  of  currents  that  possess  distinct  thera- 
peatical  effects  ever  obtained  from  any  single  apparatus  is  sup- 
plied by  the  one  illustrated  in  Fig.  68.  Those  interested  in 
learning  further  particulars  in  regard  to  it  are  referred  to 
the  manufiu!turers. 

VAPOR  AND   HOT-AIB  ELECTRIO  BATHS. 

The  application  of  electricity  in  conjunction  with  vapor  of 
water  or  dry  air  possesses  certain  therapeutical  advantages 
over  other  forms  of  electrization  that  are  not  at  present  ftilly 
appreciated  by  the  profession  at  large.  Patients  in  whom  im- 
meiaion  in  water  produces  great  depression  or  alarming  symp- 
toms can  be  submitted  to  the  vapor  or  hot-air  electric  bath, 
when  the  head  is  not  exposed  to  heat,  not  only  without  any 
disagreeable  effects,  but  with  positive  benefit  in  diseases  which 
it  would  be  exceedingly  rash  to  treat  with  the  electric  water 
bath.  Hot  air,  at  a  temperature  of  90°  to  100°  F.  produces 
perspiration,  and  is  adapted  to  chronic  rheumatism,  stiffness  of 
joints  and  chronic  skin  diseases  ;  at  a  temperature  of  from  100° 
to  180°  it  is  stimulating,  and  promotes  perspiration  ;  it  is  a 
powerful  remedial  agent   in  all   acute  cases   where,  from  any 
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cause,  the  blood  has  receded  from  the  superficial  parts  of  the 
body  and  the  internal  organs  are  in  a  state  of  congestion. 
Patients  suffering  from  the  preliminary  symptoms  of  delirium 
tremens  have  been  preserved  from  an  attack  by  several  of 
these  hot-air  electric  baths  given  in  quick  succession.  The  vapor 
of  water  cannot  be  borne  so  long  as  hot  air,  or  at  so  high  a 
degree  of  temperature,  because  vapor,  being  a  bad  conductor  of 
heat,  prevents  radiation  from  the  body  ;  106°  to  110°  is  usually 
the  limit.  Vapor  electric  baths  are  more  relaxing  and  soothing 
than  hot  air.  They  soften  the  cutaneous  tissues,  fill  the  capil- 
laries, and  bring  about  that  very  condition  which  favors 
conduction  of  electricity.  They  are  adapted  to  dry,  scaly 
skin  eruptions,  old  paralytic  cases  without  signs  of  vas- 
cular excitement  of  the  brain ;  chlorosis,  amenorrhea,  irritable 
uterus ;  dropsy  of  aged,  debilitated  subjects ;  old  liver 
complaints,  and  some  scrofulous  affections.  The  advantages 
to  be  derived  from  the  vapor  and  hot-air  electric  baths 
were  formerly  out  of  the  reach  of  the  ordinary  practitioner, 
because  they  were  supposed  to  require  an  establishment  fitted 
up  especially  for  the  purpose,  which  involved  too  great  an  out- 
lay to  be  feasible,  except  in  the  larger  cities. 

THE   CABINET  BATH. 

The  Cabinet  Bath,  c<>n8trncted  tor  the  purpose  of  combining 
the  application  of  hot  vapor  or  air  witli  any  form  of  electrization 
enables  the  practitioner,  in  the  most  sparsely  settled  localities, 
to  avail  himself,  at  a  trilling  expense,  of  all  the  remedial  advan- 
tages to  be  obtaintHl  in  the  most  expensive  bath  establishments. 

The  apparatus,  desoribiHi  below,  is  simple,  convenient,  occu- 
pies but  a  limited  space,  and  ean  be  used  in  otfices  where  it  is 
not  possible  to  furnish  the  t^onvenienws  tor  the  water  bath.  It 
is  not  even  essential  that  a  dn*ssin^rtx>ni  be  pn>viiled,  and  the 
supply  of  water  may  bo  very  limited  ;  with  the  hot-air  bath 
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two  quarts  ol"  water  per  patient  will  Buffire  for  all  net'essary 
cleansing ;  vapor  will  require  in  all  nearly  a  gallon.  Any  style 
of  portable  or  etatioDary  electrical  apparatus  may  be  employed 
to  snpply  electricity. 

The  sppiu^tiig  In  FlB.eOiBshownwIlhtlic  cover 
raised  attd  the  fVont  remorcil, 
BE.  FaldingaadBlidlng cover. 
S,   DcpnmloQ   for  holdltiK  twitch  board   and 

E.  KgvoItIhk  stmL 

Z.  Zlar.llnlng  thebonomoflbecabiuet. 
OO,  Openin(!»  through  which  Iho  oper«torciui 

mjiiilpulate  the  electrodes. 

LL.  Flcilble  eleolnidp  connections,  lo  which 
spring  electrodes  ire  attwhed. 

G.  Wire  which  cooncca  the  •wltch-bo»rd  with 
the  lias  when  the  tatter  is  used  Tor  a  foot-plate. 

F,  Wire  connecting  swllch-boatd  «llh  stool. 
C.  Sleamcoll. 

N.  The  plpo  where  iteun  enters  the  coll, 
V.  Vatve  lo  admit  stesm  oi  Tapoi  Into  Ihs  cabt- 

I.  riraln  pipe. 

.  Marks  the  location  of  the  thennometer. 
Fro,  C9.  which  flis  la  a  grnovii  In  tho  box.  permitllng  ihe 

CABINET  BATH.  temperatore  to  be  obacrvod  wltbonl  opening  the 

t'engtn,  3>4  f«ii.     Width,  2}i   feci.   **"'• 
Belght.  4  feet.  A.  The  opening  Rir  the  paUcnl's  oKk. 

The  lieat  is  supplied  by  steam  from  a  tin  or  copper  vessel 
heated  by  a  coal-oil  or  gasoline  stove  wliicl  sets  outside  the 
bath.     A  tin  pipe  or  rubber  liose  connects  the  vessel  with  the 

'  -coil  within  the  cabinet.  There  is  no  possibility  of  explosion 
or  accident  within  tbe  bath,  because  the  steam  coil  opens  out- 
side  at   the    lower   end    to    permit    escape    of  the    condensed 

,  steam,  and  the  heater  is  also  outside.     Steam  is  admitted  from 

I  Tslve  V  in  a  downward  direction  to  prevent  its  striking  the 
patient  seated  on  the  stool.     After  the  water  bef^ins  to  boil, 

r^t  reqniree   from   fifteen  to  twenty  minutes   to  raise  the  tem- 

I  perature  to  130°  with  a  small  coal-oil  heater. 
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To  give  a  hot-air  electric  hath.  If  there  is  no  dressing- 
room,  let  the  patient  disrobe  in  the  cabinet,  first  folding  and 
sliding  B  B  out  of  the  way,  closing  the  door  and  spreading  a 
sheet  or  blanket  from  the  raised  top,  over  the  cabinet  to  con- 
ceal the  patient;  remove  the  clothing  from  the  bath;  let  the 
patient  be  seated  on  the  stool  adjusted  at  such  a  height  as  to 
permit  the  patient's  neck  to  come  within  the  space  A ;  unfold 
B  B  and  slide  it  along  its  groove  to  close  the  bath ;  the  space 
around  the  neck  must  be  covered  with  a  towel  loosely  laid 
about  it.  General  electrization  is  accomplished  by  making 
Z  a  foot-plate,  while  the  operator  reaching  through  O  O  at 
the  back  of  the  patient,  or  a  similar  opening  in  the  door  at 
the  side,  carries  the  electrode  over  the  surface  in  the  same 
manner  as  when  treating  the  patient  without  the  bath.  If 
electricity  is  to  be  localized,  electrodes  L  L  are  adjusted  to  the 
parts  to  be  treated  (the  springs  hold  them  in  place),  and  the 
current  is  sent  through  them  from  switch-board  S,  to  which 
the  apparatus  supplying  electricity  is  joined  by  conducting 
cords.  If  perspiration  is  not  started  within  ten  minutes  (the 
temperature  should  be  from  90°  to  100°  when  the  patient 
enters  the  bath),  turn  V  and  let  in  a  little  steam  to  moisten 
the  patient  slightly,  then  close  it ;  this  usually  causes  profuse 
perspiration  immediately.  Should  the  patient  appear  faint,  or 
complain  of  headache,  moisten  the  forehead  with  cold  water 
from  time  to  time,  and  permit  cold  water  to  be  drank  freely  ; 
at  the  end  of  twenty  or  thirty  minutes,  shut  off  the  heat  and 
rinse  off  the  patient,  still  within  the  cabinet,  with  warm  or  cool 
water,  as  the  judgment  of  the  operator  may  dictate.  A  com- 
mon sprinkling-pot  may  be  employed  for  this  purpose,  if 
nothing  better  is  at  hand.  The  room  in  which  the  bath  is 
given  should  be  well  ventilated.  Steam  electric  baths  are  given  in 
the  same  manner.  After  the  patient  is  thoroughly  dried,  the 
clothing  may  be  replaced  before  leaving  the  cabinet  in  case 
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tlie  air  in  tiie  rooiti  is  not  sufficiently  warm  to  prevent  a  chill 
in  passing  from  the  bith  to  dressing-room. 

ELECTTUC    CUAIBS. 

Electric  chairs  are  intended  to  be  need  in  applying  elec- 
tricity in  olKce  practice.  The  one  illustrated  in  Fig.  70  is  manu- 
factured by  tilt!  Mcintosh  Galvanic  and  Faradic  Battery  Co.,  and 
is  an  (iniameiital  ])iece  of  apparatus  worthy  of  a  place  in  the 
most  elegantly -appointed  office.  Any  form  of  current  electricity 
may  be  applied  tiirnugh  it  The  physician  who  is  pnivided  with 
a  good  portable  battery  can  attach  it  to  the  chair,  and  thus  pro- 
vide himself,  at  a  comparatively  small  outlay,  with  an  office 
outfit  that  will  wmpare  favorably  in  convenience  and  attractive- 
ness with  the  most  elaborate  and  expensive  apparatus  in  the 
market.  As  represented  here,  this  chair  is  designed  for  office 
purposes.  The  same  company  also  nianufacture  a  cabinet  bath 
after  a  mnch  more  elaborate  design  than  sliown  in  Fig.  69,  of 
which  the  chair  forms  a  part  ;  the  connections  are  so  arranged 
that  the  chair  may  bi-  taken  out  of  the  cabinet  to  be  employed  in 
the  office,  and  replaced  in  the  cabinet  in  a  few  moments,  ready 
for  the  bath. 

B.  Two  RHlg  eilcndlng  the  length  or  the  chair- 


which  in 


E  E.  Sponge-cDvercd 
aalal  onwsplece  u;«n  wblcb  Ihej'  jni 
logetber  or  apart.    The  croeeptrrc  i> 
■Uding  bar  by  a  pivot,  about  whlc^ 
tbat  the  elcclrodea  ma^  be  tiorliontal, 
eal,  perpendicular,  nr  at  any  iitinW:   i 
may  be  remorod  and  th«  other  iiiriK'd 

P  P.  polleya  whtoli  carry  a  chain  (.'. 

C.  The  ehnlQ  which  ralaea  or 
bar  on  the  nHlt  R. 

U.  The  awitch  board  on  the 
alKk  ibown  tn  Fig.  71. 

K.  Neck  electrode  ndJuntiNl  do  a  metal   rod  bj 

dif««tlon,  railed,  lowered,  or  remnvfd  nl together. 

r  F.  Flexible  iJtnilnted  metallic  coiiduclori  at- 
Uebti  to  the  armi  of  Ilie  chair.  They  lutmlnivte 
In  iponge-coTsrcd  clectrodea  In  the  HI  usl  rat  Ion.  but  F 

U  J  (trie  of  elmirode  may  be  attached.    Thaae  conducCon  are  of  mm 
nr  put  Of  the  patient  ilRliig  In  tbeohab.   They  may  be  remored  ei 
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\  V  DliullngpOTliloirhlfblliecnndiictonarefkatened. 

II  II.    Mi-uiUlf  i>1bIvii  lulened  on  ihe  end  of  Ihe  clialr-aimi,  upon  wblch  Uie  patlenfi 
luU  lual  kIii'Ii  h  I'limiil  1>  to  be  aent  tbroncb  them. 
li    MvImI  I'lale,  orwalelntrode. 
K  K.  liliiilliui  iKaui  loKhlch  ace  Aalened  the  cordi  connecting  the  footstool  T  vrltb 

nxKBlOolT. 

altacbed  lo  T. 

Isbed  rubbcT.  uid  all  tl 
we  nickel  plslrd. 

Tbe  IKO  blndlns  p«Uon  the  lowei  part orihe awltch- 
wlth  thecellsorbatlerjr.whlcbfumlih 
The  polariif  of  the  botlona  depeoda  upon  the 
melhod  or  connecting  )be  bailer?;  if  the  potitlTe  pole  bs 
Joined  to  the  binding  peat  on  the  right,  the  uml-clrcle  of 
buttons  nn  the  right  wUl  be  poaldTei  If  the  negatlTe  be 
Joined  lo  Ihti  binding  poat.  the  bnttooi  on  the  right  will  be 
negative.  In  ellber  ewe  the  bnttona  on  Ibe  left  will  have 
oppoalle  polarity. 

T>  K.  Bwllchea  or  curxenl  diieclon.    The;  aim  Hrre  ai 


board  ai 


pole, 


Off,  Ibe  butloQi  upon  which  the  twitches  ai 


using  through  the  patient  will  depend  upon  the 


a  the  lop  are  lettered  to  cortaapond  with  tbe  bonoiia 
Uli  lliii  ittllrli  l-i>anl.  They  are  only  used  when  Ihe  chair  ie  employed  In  the  cabinet. 
l-tiiiiiki-iliiH  wltri  IVoin  a  Hwltcb-boird  ouulde  the  cabinet,  almllarta  the  one  here  ahown, 
Mh  l<<l<n>t  li-  llii>  ">»  iif  binding  pOKlaon  the  chair  to  that  tbe  operator  can.lhim  theoul' 
tlitu,  ai'l'lf  lliutmrninlaoaurBlely  to  thedllTeient  partaofiliepallent  Indde  the  rablnet. 

I    il<u  ilimiilwiirew  which  fastens  tbe  rod  carrying  Ibe  tieck  electrode  at  any  height 

|i,  itliMil  Hlili'b  lurun  Iha  chain  that  moves  elect mdea  E  E  In  Pig.  TO.  Itpreventitha 
i.hitlii  liiii"  i>ilM»a  i>vr[  Ihe  pulleys  except  wbcn  iiccCBWr>'. 

I  liu  Vilnt  Hhli'h  Bitunil  from  tbe  gwltch-board  to  Ibe  sldeiorthechalr-baeJ-  foimttie 
iuiM«*i-i**'—  IbniMgb  wliirh  electrldly  Is  conreyed  lolhe  electrodea. 

(liliMii'taiU'lill'*!  •'•**''>'''"!''""'' '*"''^  lo  a  patient  through  an  apparatui  of  thla 
kli|i|  |.iiiilui!M  Uxi'lliaTunint  than  tbal  direct  from  the  cells  or  battery  which  fHimlth  (he 
i.lllii.iil.  H«iH>|<l  llial  Which  may  be  produced  through  tbe  Imagination;  but  the  con- 
taiili.|ii4>  Mllb  Whiiili  Ihu  ulerlrudea  may  be  manipulated  and  the  current  directed, 
Liigiillii.i   wllb  Ihu  uriUHueiiUl  obanctar  of  the  appantna,  commend  It  to  iD«nr  pimotl* 
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ELECTRO-PHYSIOLOGY, 

T;  Is  an  extremely  difficult  matter  for  the  beginner  in 
eiect'.o-therapeuticd  to  decide  in  a  given  case  which  form  of 
electricity  to  select  Authors,  who  in  other  respects  are  very 
explicit,  have  ignored  this  subject  to  such  an  extent  that  com- 
paratively little  is  to  be  gleaned  which  can  be  regarded  of  prac- 
tical value.  There  is  no  reason  to  believe  that  franklinic 
electricity  is  adapted  only  to  one  class  of  diseases,  galvanism 
to  another,  and  faradism  to  still  another.  There  are  certain 
diseased  conditions,  however,  in  which  one  form  of  electricity 
is  to  be  preferred  to  another.  The  following  pages  contain  the 
substance  of  what  has  been  written  on  the  subject  of  the  differ- 
ent physiological  and  therapeutical  effects  of  the  various  forms 
of  electricity. 

Effect  on  the  skin,  Franklinic  electricity,  in  the  form  of 
sparks  from  the  machine,  produces,  when  applied  to  the  skin,  a 
sensation  of  pricking  and  pain.  If  the  sparks  are  long,  red- 
ness is  produced,  and  frequently  a  papular  eruption  resembling 
lichen  urticatus.  It  relieves  cutaneous  anaesthesia  more  quickly 
than  either  galvanism  or  faradism. 

G^vanism  excites  a  sensation  ot  pricking  and  heat,  redness, 
and  when  a  powerful  current  is  applied  a  long  time,  inflam- 
mation and  sloughing  of  the  skin  and  adjacent  structures. 

Faradism  produces  sensations  which  vary  with  its  electro- 
motive force,  from  a  slight  pricking  to  an  acute  burning  or 
cutting  pain,  but  never,  even  when  a  very  powerful  current  is 
applied,  produces  nutritive  disturbances. 

(235)- 
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Effect  on  the  face.  Franklinic  electricity  applied  to  the 
face  produces  a  faint  sensation  of  light. 

Galvanism,  a  more  or  less  brilliant  flash  according  to  its 
electrivmotive  force. 

Faradism  produces  no  sensation  of  light,  but  it  does  pro- 
duce contraction  of  the  facial  muscles,  and  more  or  less  severe 
pricking  sensations. 

Effect  on  mtiscles.  Franklinic  electiicity  produces  muscular 
contractions  with  less  pain  than  faradism. 

Faradism  has  very  little  eflect  on  healthy  muscle  deprived 
of  its  nerve  influence  (some  observers  say  none),  whatever  be 
the  number  of  interruptions. 

Galvanism,  on  the  contrary,  in  this  case  produces  increased 
response,  and  this  in  proportion  to  the  strength  of  current  and 
slowness  of  interruptions. 

Efect  ofi  nerves.  Franklinic  electricity  is  capable  of  pro- 
ducing reflex  action  from  irritation  of  peripheral  distribution 
of  nerves.  Dr.  Wilks,  a  physician  of  long  experience  at  Guy's 
hospital,  London,  where  static  electricity  was  formerly  largely 
used,  believes  that  *' patients  suffering  from  paraplegia,  who 
are  now  benefited  by  the  constant  current,  were  previously 
cured  by  static  elec*tricity."  It  is  more  powerful  than  faradism 
in  rousing  the  dormant  nerve  centers. 

Faradism  is  the  most  powerful  stimulant  of  healthy  nerve 
we  possess,  and  this  increases  in  proportion  to  the  strength  of 
current  and  rapidity  of  interruption.  Dr.  A.  Hughes  Bennet* 
believes  that  prac*tic*ally  the  faradic  current  acts  on  nerve  alone. 

Galvanism  excites  both  nerve  and  muscular  fiber,  but  each 
in  a  difleivnt  manner. 

Erdnk/intr  thrtriciiy  cun.»s  certain  diseases  by  changing  the 
electrical  condition  of  the  patient,  which  may  be  rendered  posi- 
tive  or  noirative  at  will. 


•  ElectKHiiagmieds  in  norvouH  tllwMwes, 
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The  patient  charged  with  franklinie  electricity  does  not  long 
retain  this  charge  unless  he  is  in  connection  with  a  machine  that 
is  in  operation.  The  charge  is  soon  disseminated,  because  of 
the  inability  to  absolutely  insulate  the  body. 

Franklinie  electricity  has  this  advantage  over  galvanism 
and  faradism :  it  is  easily  manipulated,  agreeable  to  the  patient, 
safe  in  its  application  to  points  demanding  great  caution  with 
galvanism,  and  especially  in  brow  neuralgias,  in  which  the 
faradic  current  is  obnoxious  to  many  people. 

GALVANISM  AND  FARADISM  COMPARED. 

Odhamsm  possesses  great  chemical,  heating  and  magnetic 
properties,  with  comparatively  small  difference  of  potential 
between  its  poles. 

Faradism  has  much  less  chemical  and  magnetic  power  but 
an  enormous  difference  of  potential.  An  idea  of  this  difference 
may  be  obtained  from  the  experiments  of  Messrs.  De  La  Rue, 
Mtiller  and  Spottiswoode.  They  found  that  1080  galvanic  cells 
gave  a  spark  only  tA^  to  ^  inch  long,  while  even  a  small 
faradic  coil  connected  with  one  or  two  of  the  same  cells  gave 
a  spark  one  inch  long. 

Gahxinism  is  indicated  in  those  cases  in  which  we  wish 

{a)  To  excite  the  nerves  of  the  skin ; 

(J)  To  destroy  the  outer  skin  or  mucous  membrane ; 

(c)  To  produce  an  increase  of  warmth; 

{d)  To  produce  a  chemical  process  and  also  blood  coagula- 
tion. 

{e)  In  certain  peripheric  paralyses  in  which  faradism  fails, 
galvanism,  probably  in  consequence  of  its  uninterrupted  duration, 
produces  effects  which  cannot  be  brought  about  by  the  neces- 
sarily rapidly  interrupted  faradic  current. 

if)  When  a  muscle  has  lost  all  power  of  responding  to 
the  stimulus  of  a  faradic  current,  in  many  cases  its  sensitive- 
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ness  may  be  restored  by  the  application  of  a  tolerably  strong 
galvanic  current. 

Faradism  is  indicated  where  we  wish 

(a)  To  excite  either  the  motor  or  sensory  nerves  ; 

(J)  To  produce  contractions  of  the  blood  or  lymphatic 
vessels ; 

(<?)  To  affect  certain  organs  supplied  by  the  sympathetic 
nerve ; 

{d)  To  increase  the  vohime  of  a  muscle.  This  it  accom- 
plishes through  exciting  muscular  contraction,  which  increases 
the  temperature  and  at  the  same  time  improves  its  nutrition. 

{e)  To  relax  a  tense  muscle,  or  to  loosen  a  peripheric  con- 
tractor, single  shocks  from  a  strong  faradic  current  are  gen- 
erally more  useful  than  the  galvanic. 

Galvanism  not  only  acts  as  a  powerfiil  stimulant  to  nerves 
and  muscles  when  interrupted,  but  during  the  time  it  is  passing 
without  interruption  it  produces  a  marked  alteration  in  nutrition. 
To  this  effect  Remak  gave  the  name  catalytic  action. 

When  paralyzed  muscles  exhibit,  the  reaction  of  degeneration 
they  are  more  sensitive  to  galvanism  than  faradism,  therefore 
the  former  should  be  selected  to  improve  their  nutrition. 

With  this  exception  faradism  is  a  more  powerful  agent  in 
the  direct  treatment  of  paralyzed  muscles  than  galvanism. 

COMPARISON  OF  THE  THERAPEUTICAL  EFFECT  OF  GALVANIC  AND 

FARADIC  CURRENTS. 

According  to  Dr.  Rockwell,*  in  paralysis  of  one  side  of 
the  body,  when  the  muscles  contract  more  readily  under  the 
influence  of  electricity  than  in  health,  electricity  if  used 
at  all  should  be  in  the  form  of  a  very  mild  faradic  current; 
even  though  the  muscular  contractions  are  not  excited  quite  so 
readily  as   in    a   normal   condition,   the   faradic    is   still   to   be 

♦  Dr.  A.  D.  Rockwell,  M.  M.D.,  Electro-Therapeutist  to  the  New  York  State  Woman's 
Hospital ;  Author  of  Medical  and  Surgical  Electricity. 
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preferred.      On  the  contrary,  when   the  contractilitj    of  the 

muscles  is  very  greatly  diminished,  the  tfoh'anic  current  is 
indicated,  the  f'aradic  being  only  employed  at^or  the  muscles 
begin  to  contract  under  its  inliuence.  In  most  cases  of  paraly- 
flis  of  the  lower  half  of  the  body  there  will  be  found,  after 
a  short  time,  more  or  less  complete  loss  of  farado-muscutar 
contractility ;  the  galvanic  current  alone  is  usefiil  in  these 
cases  to  restore  nerve  excitability,  although  the  Jaradic  may  be 
usefully  employed  to  improve  tlie  impaired  nutritioD  of  the 
paralyzed  members. 

Pacial  paralysis  resulting  from  cold  illustrates  the  difference 
in  reaction  of  the  two  currents.  In  these  cases  the  faradic 
current  does  not  cause  contractions,  while  a  much  weaker 
galvanic  current  than  is  required  in  health,  excites  muscular 
contractions.  As  the  patient  improves  a  stronger  galvanic 
current  most  be  used,  until  finally  the  muscles  will  again 
respond  to  faradism.  Neuralgia,  when  pressure  over  the 
affected  nerves  aggravates  pain,  is  generally  relieved  by  a 
galvanic  current,  while  the  faradic  current  has  greater  prjwer 
to  relieve  when  firm  pressure  does  not  increase  the  pain. 
Cases  of  hysterical  hyperEestheaia,  when  slight  pressure  in- 
creases distress  while  firm  and  prolonged  pressure  lessens  it, 
are  relieved  by  faradism,  the  galvanic  current  having  very 
little  effect  over  them.  General  debility  is  benefited  by  the 
faradic  current,  which  seems  to  exert  a  constitutional  tonic 
effect  in  these  cases.  The  tonic  effect  undoubtedly,  to  some 
extent,  ie  due  to  tiie  mechanical  agitations  of  the  superficial 
and  even  deeper  seated  nerve  and  muscular  fiber. 

Dr.  Jacobi  *  mentions  one  class  of  cases  that  will  terminate 
fatally  unless  treated  energetically  and  promptly  —  namely,  that 
in  which  the  patient  suffers  from  paralysis  of  the  respiratory 
muscles  in   diphtheria.      Sometimes    this    occurs   in  other  par- 
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aljses,  and  unless  quickly  relieved  the  patient  dies  of  apncBa. 
A  strong  faradie  current  should  be  applied  and  frequently 
repeated. 

MOTOR   POINTS. 

Electro-therapeutics  requires  a  knowledge  of  those  points  of 
the  body  where  the  nerves,  muscles,  and  organs  beneath,  may 
be  most  directly  reached.  Duchenne*  carefiilly  investigated 
the  action  of  the  faradie  current'  upon  separate  muscles,  and 
found  that,  contrary  to  the  teachings  of  many  anatomical  text- 
books, most  movements  are  caused  by  a  single  muscle,  and 
not  by  the  simultaneous  action  of  different  muscles.  He  found 
that,  when  the  faradie  current  was  directed  to  some  particular 
points  on  the  skin,  muscular  contraction  was  more  readily 
produced  than  at  other  points,  and  these  he  called  "points  of 
election.''  Remak,t  who  tried  similar  experiments  with  the 
galvanic  current,  discovered  tliat  these  points  were  where  the 
motor  nerves  enter  the  muscle.  ZiemssenJ  still  further  developed 
tlie  theory  of  Duchenne,  and  first  clinically  determined  the  precise 
location  of  the  motor  points,  and  marked  them  on  the  skin  with 
nitrate  of  silver.  He  afterward  dissec»ted  the  motor  branches  of 
tlie  nerves  in  dead  bi>dies,  and  marked  tlieir  points  of  entrance 
into  the  muscles,  when  it  was  discovered  that  the  two  series  of 
experiments  completely  jigreed  with  one  another.  A  third  series 
of  experiments  was  undertaken  on  bodies  immediately  after 
death,  before  the  excitability  of  nerves  and  muscles  had 
disappeartnl.  The  motor  }H)ints  were  first  determined  by  fara- 
dization, marked  with  nitrate  of  silver,  and  afterward  dissected 
to  see  whether  they  n»ally  CH>rres{H>nded  to  tlie  points  of  entrance 
of  the  nioti>r  nerves  into  the  muscular  substance,  which  was 
found  to  Ix^  the  case.  These  jHnnts  are  illustrated  in  Rg.  73» 
and  fully  descrilKni  in  the  following  {Uiges. 

*  Physioli^ic  dc*  Moiivomonts.    IVirl*,  IJ^V;. 
X  Die  Elektricitiit  in  dor  Mtnlioiu.  li^ri 
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■                        MOTOR  POINTS  CONCERNED  IH  VARIOCS  MOVEMESTS  OF  THE  BODr                               ^| 

The  F«oe— 

Clavicle-                                                                      ^H 

Drawn  loollher  side.  1,18. 

IIpfnim<horai,23.                                                          ^H 

"       upward.  18. 
Vtlakled.l,a,*,6,9. 

^H 

Onlward.  H.  to.                                          ^^^^^^| 

■                    Opened,  b,S. 

Forwnnl.  31,  32.  60,  «1.  Bl.                               ^^^^^M 

Backward. «,  SO.                                       ^^^^^H 

Inward.  Zi,  82,63,79.                                      ^^^^^H 

■             E»- 

Forearm-                                                      ^^^^^M 

■                  Drawn  backward,! 

Forward,lll,U.12,M,61,8a,8«.M.«7,7fc                    ^^M 
Backward.  *n,«,M.  67. 

asaK."'"'"'"- 

■            Moutb- 

Hand  — 

^1                       S&. 

Flexion.  ».  M,  as,  71. 78, 62. 68,  72. 

H                 Contracted,  U. 

Exlenslon,  tl.  M,  <n.'«,  it^WtO.  W 
Outward,  Jl. 

^B                   Outward,  S,  ID,  1,<^,  IB,  26, 3a. 

H                   Dpwud.910,Il,lS. 

Inward,  02.69,  62.18,49,  72. 

m             Ton«ue- 

Thumb— 

Bhoneued,  27. 

Extended.'Il,  4B,  6.1. 

Curved  ddewlse,  27. 

Kaekwacd,51.51.55, 

NOM- 

Forward  ncroB  palm,  S3, 71, 76, 79,  ST. 
Drawn  awa;  fh>Di  flngcn,  49,  61, 7S. 

ObUquelr  downward.  L 

'•         upward,  IL 
Wrinkled.  iS. 

Flngen-. 

Forehe«d- 

Wrlnkled  horHoDtatlr,  S,& 
verOcaUr,  7. 

Flexed,  41,  67.  62.  B5, 66.  TO,  7B,  77,  78^  81, 

Eyebrow- 
Drawn  downward,  1,  U. 
■'      inward.  7,11 

Trunk  — 

BeutfOrward,  90,91,03. 93.91.95.98, 97,98, 
'■    baeltward,  18.22,  90.91,  92.98,9*. 

Rotated.  95,  96,  97,  98.  lOD. 

Lower  Jaw  — 

■       i;ss&:r'- 

Conlracled,  95. 96,  97. 08,  99. 100, 

Dulfring  outward,  21. 

H            Heod- 

■                   Turned  to  shoulder.  15,  la,  17. 18. 19. 
H                             down,  18. 

Bent  forward.  106.107,102. 
"    backward,  106. 

^M                                forward.  IS,  IS,  19. 

Thigh- 

H          Neck- 

Forward ,  101, 103, 107, 108. 109.  UO,  140. 

^1                 Bent  forward,  ij,  1>.  18.  w,  ao. 

Backward.  UO. 

■                      '■     backward.  17, 18.23. 

Inward.  106,  UO. 

^^                  '■    loeltl>«rali)e,ie. 

Outward,  107. 140. 

^B                 Wrinkled,  ID,  15. 

Log- 

^M             fihOUldBT- 

SSSiSWASKi."* 

^H                Balud,  17,  IS. 

^M                Backward,  IS. 

Extended.  102, 103.  IW,  lOS.  111. 

^M              Inward.  IS. 

^H                Depressed,  60. 

Forward,  or  ficied.  115, 117.  US.  UO.  112. 

^M         Scapula - 

Backward,  or  eittndod.  101.  m.  US,  U7. 

^^M                Drawn  toward  spine,  17,  IS,  2D,  22. 
^m                     "      apward.&,1^,2l          ' 

Outward,  115,  Ue,  117, 120. 

V                      ■■       forward,  ik.  2fl. 
^M                               outward,  23. 

Toe.- 

lai,  120,117. 

■                 Uftedup.21,22. 

Backward,  or  flexed,  lia.  114, 122. 128,  lal. 

H^               Depreued,  9.-.,t«,  «7,  tffi.  100. 

125. 126, 127, 117. 

Outward,  116.  H6, 117, 120, 123. 
Inward,  13),  12.'.,  128.127. 

^H        moMr  poInlR  shown  on  Fig.  72.muBt  be  reached  by  direct  appllcalioD  of  the  eleatRM)«  to                   ^^H 

IL       H 
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MOTOR  POINTS  OF  THE  HUMAN  BODY. 
TJie  Head. 

1.  Fadal  nerve  at  its  exit  flrom  the  Btylo-mastold  foramen.  This  li  the  motor  nerre  of 
all  the  fkcial  muscles  of  expression.  If  the  one  electrode  he  placed  npon  this  point  the 
muscles  of  the  whole  &ce  will  he  stimulated;  half  is  drawn  toward  that  side,  the  skin  is 
thrown  into  countless  wrinkles,  the  eye  shut  and  the  nose  and  mouth  are  drawn  obliquely 
downward. 

2.  The  auriculo-posterior  branch  of  the  fkcial  nerve ;  when  an  electrode  is  placed  at 
this  point  the  attrahens  and  retrahens  auricular  muscles  are  contracted,  drawing  the 
scalp  downward  and  the  ear  backward  and  upward. 

3.  The  branch  of  the  £&cial  supplied  to  the  occipito-ftontalis  muscle.  It  wrinkles  the 
skin  of  the  forehead  transversely,  and  by  its  interlacing  with  fibres  of  the  orbicularis  pal- 
pebrarum contributes  to  opening  the  eyes. 

4.  Branch  of  facial  nerve  passing  to  the  tragicus  and  antitTSglcus  muscles.  Stimulat- 
ing it  causes  wrinkling  of  the  skin  about  the  ear. 

5.  The  auriculo-anterior  branch  of  the  fitcial  nerve  through  which  the  attrahens  and 
attolens  auricular  muscles  may  be  stimulated.    They  raise  the  ears  upward  and  forward. 

6.  Branch  of  facial  passing  to  the  frontalis  muscle.  Its  stimulation  causes  the  muscle 
to  contract  and  throw  the  brow  in  horisontal  wrinkles,  curved  slightly  downward  on  the 
median  line. 

7.  Facial  branch  to  the  corrugator  supercilii  muscle.  When  stimulated  it  flattens  and 
depresses  the  eyebrow  and  draws  its  base  downward  and  inward.  Its  maximum  contrac- 
tion causes  the  brow  to  cover  the  upper  eyelid  and  vertically  wrinkles  the  forehead. 

8.  Branch  of  facial  to  the  orbicularis  palpebrarum  muscle  which  closes  the  eye  and 
wrinkles  up  the  eyelids. 

9.  Branch  of  nerve  to  the  zygomaticus  major  which  draws  the  angle  of  the  mouth 
outward  and  upward  and  produces  on  the  cheek  deep  wrinkles,  radiating  outward  flrom 
this  angle. 

10.  Branch  of  facial  to  the  zygomaticus  minor.  Stimulation  of  this  i>oint  is  painflil 
and  draws  the  upper  Up  upward  and  somewhat  outward. 

11.  Branch  of  facial  to  levator  labii  superlorls  et  aim  nasi.  Stimulation  of  this  point 
also  produces  pain  and  lifts  the  upper  lip  and  wing  of  the  nose. 

12.  Facial  branch  to  the  compressor  nasi  which  wrinkles  the  nose  and  draws  the  eye- 
brow downward  and  inward. 

13.  Branch  of  facial  to  the  levator  labil  superiorls  proprius.  Stimulating  it  produces 
pain  and  lifts  the  upper  lip  almost  vertically  so  as  to  uncover  the  teeth. 

14.  The  buccal  branches  which  supply  the  buccinator  and  orbicularis  oris  muscles. 
Stimulating  the  buccinator  draws  the  check  against  the  teeth  and  contracts  or  compresses 
the  lips.  The  orbicularis  receives  four  branches  from  the  facial  nerve,  one  for  each  side  of 
each  lip,  and  cin  be  uniformly  stimulated  by  using  four  electrodes  at  once. 

15.  Intro,  maxillary  cutaneous  branches  that  supply  the  platysma.  This  muscle 
depresses  the  commissure  of  the  lips  and  carries  it  outward.  It  helps  depress  the  lower 
Jaw,  and  wrinkles  the  skin  of  the  neck  transversely. 

16.  Subcutaneous  branches  of  the  superficlalLs  colli  supplying  the  anterior  and 
lateral  muscles  of  the  neck. 

17.  18.  Branches  of  the  spinal  accessory  nerve. 

17.  Accessory  branch  supposed  to  be  the  nerve  of  voice. 

18.  Spinal  part  which  gives  off  branches  to  the  stemo-mastoid,  and  terminates  in 
the  deep  surface  of  the  trapezius.  Let  the  positive  electrode  cover  17  and  18  and  both 
muscles  will  be  contracted  simultaneously.  The  neck  will  bend,  the  lower  jaw  pro- 
trudes, and  the  head  Is  twisted  toward  the  shoulder,  which  is  strongly  raised  and  drawn 
backward  and  inward. 

The  slemo-deido  maa'oid  muscle  may  be  stimulated  separately  by  placing  the  elec- 
trode a  little  lower  down ;  It  draws  the  head  down  so  that  the  ear  foces  the  shoulder, 
while  the  £Eice  looks  somewhat  upward,  backward  and  to  the  opposite  side. 

The  trapezius  may  be  acted  on  separately  by  placing  the  positive  electrode  on  the 
nerve,  entering  the  muscle  about  one-half  inch  below  motor  point  17,  and  there  results 
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Btlfaer  &  iBlilDg  or  the  abontder  tuckmrd  with  drawlDs  of  icipul&  tovard  Ibe  ipin^ 
or  a  pulling  at  the  head  bnckwanl  ind  outw&nl,  or  bath  malLooi,  according  to  the  U!- 
tlon  of  ■ntaganLit,  of  tispctliu  mnicle  on  the  heiul  or  alioulder. 

19.  The  motor  paint  of  the  superacialii  colli  brmnchea  I^ng  beneith  the  pUtysnUi 
mjoldea  sad  dUilribuled  to  mDloTlor  and  latanl  parti  «t  the  neck.  To  ■llmulsu  the 
platTmia,  place  the  nti/ative  elocCrnde  on  19,  and  the  poslllve  near  the  middle  of  the 
inner  mar^n  of  thiifltemo-cleido-mastold  miucle, 

ao.  Nerve  branch  from  the  cervlcnl  pleina  lo  the  leralor  anguU  aGapnIa,  Stlmuln- 
ttOD  of  thla  point  dram  the  Internal  angle  of  the  scapula  npivard.  Inirard  and  (brwaid, 
while  the  acromion,  ilied  bj  the  weight  of  the  arm  and  the  action  of  the  anlagonlsta, 
Bovea  Tery  Utile. 

21.  Pttrenic  nertc.  Thla  Is  the  Important  motor  point  tbr  the  production  of  artlflclal 
mpltstloD.  The  posKlTo  ulectrodo  should  be  lar^.  and  muit  be  presBed  gcn[]]>  against 
the  outer  margin  of  the  alerno  elaldo-maatold  muacle,  near  ihc  omo-byoid  mmcle.  Thu 
remit  li  rapid  conlractlon  of  the  dlDphra;^,  bulging  out  of  the  abdomen,  and  the 
forcible  ehlrf  of  air  [nio  the  trachea,  glTlng  rise  to  a  sobbing  sound.  By  fkiadiial  ion  of 
thli  nerve  It  l»  possible  to  maintain  respiration  lome  lime  after  deaih. 

32.  Uotor  point  of  Ibe  donalla  scapulae  nerves  supplying  the  rhomboid  and  scrratna 
pcMiCQi  superior.  When  stimulated  it  causes  the  scapula  to  be  drawn  upward  toward 
Hm  iplnal  cclnmn  and  feebly  IlRs  the  upper  rlbi. 

23.  Motor  point  of  the  posterior  thoracic  nerve  supplying  the  serratus  msgnuL 
Stimulating  this  caiues  the  muscles  lo  contract,  thereby  raising  the  acromial  angle  ot 
the  scapula,  pushing  thla  bone  very  fkr  outward  and  totward,  and  lining  Ibe  clavicle 
nme  distance  faora  the  (horBi, 

24.  flupra-scapular  nerve  supplying  the  supra  uid  Infraspinatus  mnsclea  Rtlaet 
ttie  arm.  turns  it  oulward  and  backward, 

X.  Branch  of  (kclat  nerve  to  tbe  Irlangularls  mentl  muscle.  When  stimulated  tbli 
mnsGle  draws  the  angle  of  the  mouth  downward  and  strongly  outward,  lengthening  the 
Opening  between  tbe  llpf>,  but  not  csnsing  the  lips  lo  separate  fram  each  olher. 

ZT.  The  hypoglosBua  nerve,  the  motor  nerve  of  the  tongue  which  shortens  and 
mrtra  toward  the  aide  stimulated. 

Branches  of     1  ^  Motor  polni  of  omo-hyold  muscle.    I>epre«ie«  oa  hyoldes, 
the  decendeos   l^'  '*"•'"■  P"'"' b' 'Wrno-tbyrold.    Depresses  thyroid  cartilage  and  o« 

"onl-  ]  80.  Motor  point  of  aiemo.h/old.    Deprrasea  os  byoldea. 

SI.  Motor  point  of  Ihe  oiiler  cord  ot  the  brachial  plexus,  Irom  which  arises  the 
inasculo.cutaiieoas  nerve  and  one  root  ot  tbe  median  nerve.  Stimulation  of  this  iiolnt 
is  painful,  but  It  causes  the  simultaneous  contraction  of  the  bleep)  and  brocblaltt  Id- 
lemui  muscles,  which  poworflilly  lleies  forearm. 

SL  Anlerlor  thoracic  nerve  supplying  the  pcctoralls  major.  IIi  sUmulnHon  draws 
tbe  ana  far  toward  the  median  line,  or  odducts  it  lo  the  chest,  so  that  tbe  cll  ow  is  on 
tfas  mammllUr;  Une. 

33  Branch  of  Ihclol  supplying  Ihe  depressor  labll  tnlMotli,  wblcb  dtairs  the  Up 
downward  and  oulward. 

M. 

3S.  Also  0  motor  point  of  tbe  depressor  labll  InfCrtorls. 

«.  Branch  of  radial  nerve  supplying  the  outer  bead  of  the  trioe(». 

41.  Radial  nerve.  Stimulation  causes  siiplnallon  of  fonann  with  citenelon  of  hand 
and  thumb,  and  eiWnslon  of  Brsl  phalanges  of  tbe  other  flngcra. 

42.  Branch  of  rsdlal  nerve  supplying  the  hrai?hlalia  aiitieus  muscle.  To  stlmulalc 
Ihli  lauitcle  tbe  positive  electrrxle  must  be  placed  wher«  the  lower  half  or  ihlrd  u(  Uie 
bicepa  begins,  pualilug  the  median  nerve  aside,  while  the  negative  electrode  reitii  on 
the  outer  edge  of  tbe  other  muM^ie.    11  bends  the  forearm  on  the  arm. 

43.  Branch  ot  radial  nen'e  (covered  over  by  muscle)  dialrlbuled  lo  Ibe  luplnalor 
longuK  When  the  latter  eontracca  It  lleiea  the  forearm  on  tbe  arm  In  a  poalUon  be 
twcen  pronation  and  supination. 

II.  Branch  ol  tndlal  nerve  (covered  with  muscle)  distributed  to  llie  extensor  earpi 
fidlolli  luoglor.   When  nliaui«led  It  extends  the  hand  on  the  fbreann. 
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i5,  BranFli  of  ndlcal  nerve  to  the  ancooeiu  qiuRus.  When  directly  stlntulateS 
U  eneudu  the  forearm  Itebly. 

M.  Nerve  dlitrlbuted  to  the  extensor  carpi  radlalia  brevlor.  Like  *i,  It  extends 
buid  on  (brearm  when  itimulated. 

JT,  Braaches  of  radial  umve  aupplflng  the  eiteiuar  commuali  dEgllomm. 
branchet  jhould  be  eiciled  ■ImullaneoUBl)'  lo  prodace  contiactlou  of  vhls  miucle.  Thl« 
eiteodB  the  phalangee  of  Ihc  last  four  Ungert  oa  each  other,  and  □□  the  metacarpal 
bone.    It  can  sl»o  extend  band  on  fbream: 

W.  Nerve  siipplvtog  <he  eilenior  carpi  uloaila.  SUmulaUng  It  extend*  tbe  band. 
Inclining  il  a  little  Inward. 

49.  Common  mowr  point  for  the  abductor  polllcU  tongua.  eitenior  digltl  and 
Indicia  proprivii  muscles. 

50,  Uotar  point  for  the  extensor  minimi  digttl  proprlni.  sumutatiag  the  laH  two 
IWlnts  extends  the  flogere  and  even  the  baud. 

Gl.  Motor  point  of  tbe  abductor  polUcis  longus. 

E2.  Motor  point  of  the  extensor  Indicia  proprius. 

W,  Motor  point  of  the  common  to  the  extensor  poUicii  longus  and  bicvls. 

M.  Motor  point  of  tbe  extensor  poUlcls  brevH. 

l&.  Motor  point  of  tbe  extensor  poll  lets  longui. 

56,  Holur  point  of  the  abdoclor  dlglti  minimi. 

ST.  Motor  point  of  tbe  tour  inl«raaael  exiernl.  When  ■llmnlalcd  the  Anger*  art 
sbdocted,  adducted  and  extended. 

W,  &«. 

eo.  Branch  of  the  anlerior-lboracio  nerve  supplTlDg  tbe  deltoid.  It  raises  tbe  am 
directly  up,  and.  If  the  ihoulder  is  Hied,  carrtea  It  forward  or  backward  according  td 
tbe  direction  of  the  libra  thmnn  Into  action,  when  tbe  arm  Is  rendered  immovable 
the  deltoid  acta  Inversely  and  depreeaei  tbe  ataoulder. 

81.  Museulo-eutancous  nerve,  Ita  stimulation  la  painful,  and  causes  tbcslmulianeooi 
contraction  of  the  bleeps  and  btachlatls  Intemua,  which  flexes  the  fbrearm  powcrftilly, 

92.  Median  nerve.  This  can  be  easily  reached  along  the  sulcus  blclpllnlls,  but  can 
be  moat  readily  atluiulaled  at  the  lower  third  of  the  bumema.  where  it  can  be  Bxed 
against  the  bone.  The  stimulation  of  this  nerve  excites  peculiar  pain  In  the  baud  and 
Gngera,  and  causes  itrong  pronation  of  tbe  forearm.  Sexlon  of  tbe  hand  towanl  thA 
radial  side,  flexion  of  tbe  Hngera  with  opposition  of  tbe  Ibumb. 

63,  Motor  point  of  that  branch  of  the  muaculo-culaneoua  nerve  dlatribuied  U 
hrachlalls  Intemus.    its  stimulation  bends  tbe  forearm. 

M.  Branch  of  the  median  nerve  sect  to  tbe  pronator  teres  isusde,    Tbe  stlmulatiOD 
of  Ibis  niiiscle  ia  qoite  painful,  in  consequence  of  the  great  number  of  aensltlve  He 
on  the  flexion  side  of  the  arm.    It  causes  tbe  radius  to  turn  on  tbe  ulna  to  produce 
nation.     It  also  bends  forearm  on  arm. 

e&,  e6.  Motor  points  of  Beior  dlgltor.  BUbllmIs,    This  muscle  bends  tbe  second  pb^ 


n  tbe  nlna  to  produce  pronation. 


«  forearm  oi 


.    Thla  I 


S8.  Branch  of  median  nerve  to  the  radialis  Intemua  mi 

a.  Branch  of  median  nerve  lo  tbe  pnlmaris  longue. 

70.  Branch  of  median  nerve  lo  tbe  Dexor  dlgltor  subllm la.  This  bends  tbe 
phalanges  on  tbe  flint,  tbeae  on  the  carpal  bones,  and  the  hand  on  Ibc  forearm. 

Tt.  Brancli  of  median  nerve  lo  the  polUcls  longus.  This  bends  tbe  second  p 
of  thumb  on  fint,  the  flrst  on  tbe  corresponding  metacarpal  bone,  and  this  on  the 

Tl,  Blanch  of  the  ulnar  nerve  distrlhuled  to  the  Inner  part  of  the  palm  ai 
two  or  three  fingers. 

73.  The  mcdhin  nerve.    (See  62.) 

74.  Motor  point  of  valarls  profundua  ulnar  nerve  distributed  to  the  mnaclet 
arm  and  b 


76,   Moti 


I.  Motor  pi 


point 


i 
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T7.  Motor  point  of  abdaclor  digll:!  minimi. 

78.  Hatot  point  of  Bexiit  diglll  minltnl. 

70.  Motor  point  Of  flexor  poUlcli  brevli. 

80.  Motor  point  of  ulnai  bruocli  lupplriDg  tbe  addactOT  polllcls. 

Bl.  Motor  point  of  median  brsncb  lupplflng  the  lumbrlcslls  1 1. 

82.  Motor  point  of  median  hraneh  supplying  the  Inmhrtcalto  I. 

83.  Motor  point  of  flexor  digltoi.  communis  profnodlB. 

90  to  M,  Motor  poim  of  rectus  nbdomlDls  cxtcnius.  It  hends  the  Cbeat  on  Uw 
pelvis  and  converset;. 

BS  to  S8.  Motor  polnta  of  obUqQui  ■bdomlnli  eitemui,  which  depresses  the  rthB 
uid  corriea  them  liackward  during  b  slronf;  explntlon,  excites  roimloii  of  cheat,  benda 
thorkx  on  pelvis  uid  back  again,  and  contnots  the  abdominal  cavllf. 

W.  Motor  point  of  tmnavcrsus  abdominis.     This  conatrtcts  abdomen,  dlmlQlsbea 


lus.     Ita  stimulBtlon  produoes  abo 

T  ftwclBi  latiE  nhleh  help!  more  tl 

.    Tbis  muscle  has  anotb 

iluoiu  process  of  the  lllui 

I    bends  thlgb   on  pelvis 


base  of  cheat  by  drawing  riba  luwsrd. 

ICO.  Uoior  point  of  obliquiu  sMorolnls  In 
the  same  elToet  oa  abdomlnla  exlcrnus. 

101.  Branch  of  crural  nurve  supplying  the  li 
thigh  forward, 

102.  Branch  of  cmrul  nerve  supplying  the  rectns  femoria 
motor  point  [Our  or  five  Inches  fuim  Ibo  aulerlor  superior  a] 
It  eilenda  the  leg  on  the  Ihlgh  and  convenely:  alu 
carries  pelila  fom-ard. 

IIH.  Upper  motor  point  of  the  vbiHik  externus,  the  other  motor  point  is  two  or 
three  inches  lower.  This  muscle  seta  b«st  If  one  elccmjile  U  placed  un  eacb  motor 
point.  To  leasen  the  pain,  turn  Ihc  eli'drmJe  bandlu  so  thflt  tbu  nerve  of  thla  muscle 
may  be  pressed  outward.    It  helps  eiieud  the  leg  ou  the  tbigh  and  conycraelj. 

IM.  Motor  point  of  tbe  cmml  muscle  which  assisU  vastus  (103)  and  rectus  002)  In 
extension  of  lag. 

loj.  Cnirai  nerve.  The  atlmolatlon  of  Ibis  nerve  occaalona  severe  pain  along  the 
ftunl  and  inner  aide  of  the  Ihlgh,  the  kDec  and  tbe  leg  down  to  the  big  loe,  accom- 
panied by  powerful  contraelUm  of  the  muscles  of  Iht-  leg.  In  thin  persons  it  la  possible 
to  stimulate  tbe  chief  branch  of  cniraJ  narvc  gulng  to  tbe  quadrlcepa  extensor  cruris, 
and  this  exoltca  not  only  that  muacle.  but  also  the  extensors  on  the  front  of  the  tbign. 


lat  muacle.  but  al 
distributed  to   the  saitoriua  mujKle : 


Li  pelvis  oa  UUgh 


pectlnena  muscle  bends  the  tbigh  on  the  pclvia  and  Co: 
1  rotation.  It  may  alAo  bend  the  pelvia  on  the  thlgb. 
adductor  brevla.     )     These  draw  the  tbigh  b 


of  tL 


body. 


lOj.  Bmneh  of  e 
and  eonvencly. 

vn.  Motor  point 
It  outward  in  adduction  anu  roiai 
IDS.  Motor  point  of  (he  addu< 
im.  Motor  point  of  the  adduc 

110.  Motor  point  of  the  t-racil 

111.  Lower  motor  point  of  vas 

112.  Motor  point  of  the  aoleus 

113.  Branch  of  tibialis  nerve  (< 
11*.  Tibial  nerve.    It  cauaes 

•ole  of  foot. 

IIG.  Peronaal  nervo.  It  Is 
tbefboL 

116.  Superficial  peronesl  nt 

IIT.  Motor  point  of  the  e. 
phalanges  to  bend  on  each  othe 
!«■ 

lis.  Motor  point  of  the  tit 
III  point  inwaril,  and  al  the  same  lime  raieea  lla  inne 
the  foot  and  prevents  its  falling  backward  In  standing. 

lia.  Motor  point  of  extensor  hallucis  lougua.    This  extends  the  li 
great  toe  upon  the  Gral.  and  tbe  fltit  upon  Ibe  first  meuicErpal  bone. 

19).  Motor  point  of  the  peronitna  terllus.    Thla  bends  the  foolon  thelegbyraUiligItt 
an  also  bend  the  leg  on  the  foot. 


tele  bends  leg,  uddocLs  thigh. 

eniua  (see  103). 

:  extends  Ibot  on  legoonverself . 

exordlgitor.  communis  longus. 

^tlon  of  all  muacla  at  [be  back  of  the  leg  and 

le  posterior  mnsclesofthe  leg  and  sole  of 


muscle,    Itb4 
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121.  Branch  of  the  peronseus  proftinduB,  distributed  to  the  eztenior  digitor.  comxnunifl 
brevis.    It  extends  three  phalanges  of  last  four  toes. 

122.  Motor  point  of  the  abductor  digit!  minimi,  which  draws  the  little  toe  outward. 

123.  Motor  point  of  the  hallucis  muscle  which  pulls  the  great  toe  from,  the  rest. 
124-127.  Motor  points  of  the  interossei  extern!  which  abducts  and  adducts  the  toes. 
140.  Obturator  nerve.    Stimulating  it,  rotates  the  thigh  outward,  draws  the  thigh  to 

the  pelvis,  and  bends  the  leg. 

The  motor  point  of  the  sciatic  nerve  (not  shown  on  cut)  lies  between  the  trochanter 
mi^or  and  tuber,  ischii;  stimulating  it,  causes  flexion  of  the  leg  and  contraction  of  all  the 
muscles  of  the  leg  and  foot. 

THE  RELATION  OF  ELECTRICITY  TO  THE  FUNCTIONS  OF  THE  NERVOUS 

SYSTEM. 

Our  present  knowledge  of  the  pathology  of  the  nervous 
system  owes  its  origin  to  the  experiments  of  Galvani  in  his 
laboratory  at  Bologna  in  1759.*  Step  by  step  the  functions  of 
the  different  parts  have  been  discovered.  All  the  variations 
in  the  effect  produced  by  electric  stimulus  of  different  kinds, 
the  comparative  influence  of  upward  and  downward  currents, 
the  exhaustion  of  nerves  by  continued  stimulation  and  their 
recovery  by  repose,  have  all  been  thoroughly  studied. 

Motor  and  sensory  nerves.  The  distinction  of  motor  and 
sensitive  properties  in  the  two  roots  of  the  spinal  nerves  was 
discovered  in  1822,  by  Charles  Bell.  Magendie,  following  the 
line  of  investigation  begun  by  Bell,  showed  that  galvanization 
of  the  anterior  roots  caused  muscular  contraction,  and  that  of 
the  posterior  roots  sensation.  It  was  believed  at  this  time 
that  the  motor  and  sensitive  properties  of  the  nervous  system 
were  under  the  control  of  the  brain,  and  that  the  spinal  cord 
was  a  portion  of  the  apparatus  for  transmission  ;  through  it 
and  the  motor  nerves  the  commands  of  the  will  were  con- 
veyed to  the  muscles,  and  imj^ressions  received  at  the  peri- 
phery of  the  sensitive  nerves  were  conveyed  through  them  to 
the  brain. 

Reflex  action  of  the  spinal  cord.  Marshall  Hall  made  the 
discovery  that  while  the  spinal  cord  acts  independently  of  the 

•John  C.  Dalton,  M.D.,  professor  of  physiology  in  the  CoUege  of  Phygiciaiu  and 
Surgeons,  New  York,  1882. 
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brain,  it  is  a  medium  of  communication  between  the  skin  and 
muscles.  The  stimulus  conveyed  inward  through  the  sensitive 
nerves  to  the  cord  is  reflected  outward  through  the  motor 
nerves  to  the  muscles.  From  this  circumstance  is  derived  the 
name  ''reflex  action."  It  was  afterward  found  that  this  same 
form  of  activity  is  not  confined  to  the  spinal  cord.  Wherever 
there  is  a  ganglionic  mass  of  nervous  matter  with  motor  and 
sensitive  fibers  originating  from  it,  there  is  a  similar  focus  of 
nervous  power  often  quite  disconnected  with  consciousness  and 
volition.  For  example,  in  a  state  of  absolute  insensibility,  a 
touch  on  the  cornea  will  cause  closure  of  the  eyelids,  the  con- 
tact of  a  solid  body  with  the  fauces  will  excite  the  movement 
of  deglutition.  In  these  instances  the  reaction  disappears  when 
its  special  nervous  center  is  destroyed. 

Vaso-motor  nerves.  Claude  Bernard  marked  a  new  epoch  in 
the  history  of  the  circulation  by  the  discovery  that  division  of 
the  sympathetic  nerve  in  the  neck  is  followed  by  enlargement 
of  the  bloodvessels  of  the  head.  Brown-Sequard  and  Bernard 
almost  simultaneously  discovered  that  the  circulation,  after  the 
sympathetic  is  divided,  may  be  controlled  and  regulated  by 
galvanization  of  the  divided  nerve  above  the  point  of  section. 
It  thus  appeared  that  the  arteries  were  supplied  by  nerve 
fibers  from  the  sympathetic,  and  the  circulation  is  influenced 
by  them  nearly  in  the  same  way  as  the  voluntary  muscles 
are  controlled  by  the  cerebro-spinal  nerves.  Those  nerve 
fibers  which  produce,  under  stimulation,  contraction  of  the 
bloodvessels  are  called  the  vaso-motor  nerves. 

Dilator  nerves.  Bernard  discovered  still  another  kind  of 
nerve  fiber,  which  under  the  stimulus  of  galvanism  produced 
enlargement  of  bloodvessels,  and  more  active  circulation  while 
the  stimulus  lasts,  and  these  are  called  dilator  nerves.  This 
discovery  explained  another  curious  phenomenon  previously 
observed.     As  a  general  rule,  it  a  nerve  going  to  a  muscular 
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organ  be  divided,  the  muscle  is  paralyzed ;  if  the  nerve  be 
stimulated,  there  is  a  muscular  contraction.  The  heart  is  an 
exception  to  this  rule. 

Action  of  arrest.  Since  the  heart  is  supplied  with  filaments 
from  the  pneumogastric,  we  should  naturally  expect  that  its 
action  would  be  diminished  by  the  section  of  this  nerve,  and 
increased  when  it  is  stimulated.  The  effect  is  exactly  con- 
trary. When  the  poles  of  a  galvanic  current  are  applied  to 
the  pneumogastric  in  the  neck,  the  cardiac  pulsations  are 
reduced  in  frequency,  and  when  the  strength  of  a  current  is 
increased,  they  are  stopped  altogether.  The  heart  lies  still,  in 
a  relaxed  state,  while  galvanization  is  going  on ;  when  the  cur- 
rent ceases,  pulsations  commence  again.  This  is  not  due  to 
reflex  but  to  direct  action,  as  may  be  proved  in  animals  by 
dividing  the  sympathetic.  If  it  be  galvanized  above  the  sec- 
tion, the  heart  remains  unaffected,  but  if  the  stimulus  be  ap- 
plied below  the  section  the  effect  upon  the  heart-beat«  is 
immediately  observed.  The  power  of  this  nerve  to  restrain 
the  heart  movements,  like  the  motor  power  of  the  spinal 
nerves,  is  limited  in  duration.  If  the  galvanization  be  con- 
tinued a  sufficient  time  the  heart  will  begin  to  beat  again,  at 
first  slowly,  afterward  naturally,  notwithstanding  the  continu- 
ance of  the  galvanic  current.  The  nerve  has  lost  its  controlling 
power,  and  cannot  be  again  excited  to  manifest  it,  unless  aUowed 
a  period  of  ivst. 

Tlie  heart  still  retains  its  sensitiveness  to  the  same  influ- 
ence, and  if  the  electrodes  be  shifted  to  the  pneumogastric  of 
tlie  opposite  side,  it  stops  as  quickly  as  before.  This  is  the 
so-called  '^  action  of  arrest,"  an  influence  which  passes  through 
a  nerve  from  its  center  to  a  muscle  and  suspends  the  contrac- 
tion of  that  muscle.  Besides  the  hearty  all  the  sphincter  7miscle8^ 
the  secretory  (jhmds^  the  uterus  and  alimentary  canal  are  affSected 
in  the  same  way.      The  hlixxivesseh  are  affected  both  by  the 
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motor  nerves  and  the  dilator  nerves  and  by  the  varying  pre- 
ponderance of  the  one  or  the  other  they  are  made  to  alter- 
nately contract  and  dilate. 

Special  centers  for  motion  and  sensation  in  the  cerebral 
convolutions.  It  was  not  until  1870  that  the  first  discovery* 
was  made,  by  experiments  on  dog's  brain,  that  there  are  certain 
parts  of  the  cerebral  convolutions  where  stimulus  always 
produces  definite  and  unmistakable  movements  on  the  opposite 
side  of  the  body.  The  contraction  of  certain  groups  of  mus- 
cles, and  consequently  particular  movements  in  the  trunk  or 
limbs,  are  connected  with  the  stimulation  of  particular  points 
in  the  brain.  By  comparing  these  points  in  different  animals, 
aided  by  observations  in  human  pathology,  it  appears  that  in 
man  the  motor  centers  for  the  body  and  limbs  of  the  opposite 
side  are  mainly  located  in  the  anterior  and  posterior  central 
convolutions,  immediately  bordering  on  the  fissure  of  Rolando. 
The  location  of  the  centers  of  sensation  is  still  a  subject  of 
investigation.  In  one  instance  only  can  it  be  said  to  be 
detennined  beyond  a  doubt  the  location  of  one  of  these  points. 
If  the  "angular  convolution"  on  the  posterior  and  lateral  part 
of  the  cerebral  hemisphere  be  removed,  the  operation  is  fol- 
lowed by  blindness  of  the  opposite  eye  without  any  other  per- 
ceptible disturbance  of  either  motion  or  sensibility.  The  effect 
of  electricity  upon  the  vaso-motor  system  is  a  subject  of  the 
greatest  importance,  for  upon  this  system  of  nerves  depends 
the  connection  between  secretion  and  blood  supply,  tlie  mechan- 
ism of  congestions,  the  dependence  of  external  disturbance  of 
the  circulation  on  disease  of  the  internal  parts,  the  red  cheeks 
of  pneumonia,  and  the  hectic  of  consumption. 

Tlie  method  of  reaching  the  spinal  ganglia,  through  which 
these  various  kinds  of  nerves  may  be  brought  under  the  influ- 


*Fritfich  Hitzig,  Archive  fUr  Anatomle,  Physiologic  und  Wisscnschaftliche  Medicln, 
Leipzig,1870,  p.  800. 
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ence  of  electricity,   may  be  determined  from   the  illnstration, 
Fig.  73. 

THE  GREAT  SYMPATHETIC  NERVE. 

This  nerve,  which  owes  its  name  to  the  belief  that  "through 
it  is  produced  a  sympathy  between  the  affections  of  distant 
organs,''  is  of  great  practical  interest  to  the  electro -therapeutist, 
consisting  as  it  does  of  a  series  of  ganglia  forming  a  double 
chain,  extending  from  its  origin  within  the  skull  the  entire 
length  of  the  spine,  on  each  side,  and  sending  branches  either 
directly  or  indirectly  to  all  the  large  bloodvessels,  and  to 
every  important  organ  in  the  body. 

Prof.  Weber  was  the  first  to  describe  the  method  of  stim- 
ulating various  groups  of  muscles  and  organs  through  their 
ganglia  or  nerve  centers. 

By  using  a  broad  electrode,  with  the  skin  well  moistened, 
and  the  electrode  also  (unless  it  be  made  of  carbon  or  metal), 
it  is  possible  to  send  a  current  from  the  nerve  roots  or  centers 
(which  these  ganglia  are)  to  any  organ  or  bloodvessel  with 
which  they  are  in  communication. 

Applications  to  the  head  are  made  through  the  forehead 
vertex  and  occiput.  Tlie  forehead  is  very  sensitive,  and  it  is 
best  to  include  a  rheostat  in  the  circuit  when  the  current  is 
to  be  passed  through  the  head. 
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B.  SLiAdit  «rrrfeftl  pmadion,  locase^  cfifwste  t&e  ff-h  rcrricsl  rertebra.  It  sends 
Vo  :.  f^h  ftz^  sixth  fpiiiAl  zierTes.  J  thrroi'i  rL&Sfi.  (3-  hcArt.  These  form  a  part 
K,-i *,£^  lia^.'T.^  yjcxrjk  which  fumisheft  the  aerre  Kzpf^j  :<>  'J&e  tipper  extremities.  They 
ajso  4Mc:£:.!::::>«te  vith  the  phrenic  nerre. 

C  .zSfir^x  txrricMl  ganglion.  Located  in  froct  of  the  last  cervical  Tertebra  and  the 
OKk  vf  tL«  firs;  rfb  (at  the  nape  of  the  neck .  I:  sefris  tvancbcs  to  (1)  the  heart,  (2)  verte- 
tnu  ur'jfTj,  X  ^3trr\cal  spinal  norea.  Xcrves  from  this  ganglia  preside  orer  the  contraction 
*,i  zLm:  n/iikUb^  Gftn  of  the  iris. 

To  ytfZs^  a  ctxrrent  throo^  these  f  "f*<*  place  c€ie  electrode  over  the  sixth  or  seventh 
tftrrU:^'.  -mruthm  and  the  other  directly  belov  the  ear  acd  behind  the  angle  of  the  jaw 
(a*m'.'*:.IvixAziIIary  fossa;.  They  may  also  be  reached  by  placing  the  first  electrode  at  the 
1^/ix.t  ir.'llcatfcd  by  electrode  A.  Fig.  74,  and  the  secvmd  as  l«forv. 

I>  iofrli^es  the  twelve  dorsal  ganc^ia  or  the  thotacic  portion  of  the  great  sympathetic 
T^kj  UTH  >>cat«d  against  the  heads  of  the  ribs,  on  each  side  of  the  spine,  and  send 
r^r«r.':h<r«  V/  I,  the  a/^#rta,  (2j  the  dorsal  spinal  nerves  which  are  distriboted  to  the  muscles 
ax.'l  iki:.  of  the  trunk,  (Z)  the  fix  vpper  ganglia  send  branches  to  the  vertebrse  and  IJga- 
tL.*fti:A :  li.*:  third  and /otirtA  send  branches  to  the  polmonary  plexus,  and  through  it  com- 
n:.ub!ciLt/:  withj  the  lung?  :  the  #£r  lower  send  bfmncbes  to  form  the  splanchnic  nerves. 

V  ioclodes  iLa  four  lumbar  gan^ia,  located  in  front  of  the  vertebral  column,  along  the 
itiiier  umrtciit  of  the  psoas  muscle.  It  supplies  branches  to  (I)  the  lumbar  spinal  nerves 
and  through  xhtzite  communicate  with  the  organs  of  the  pelvis  and  the  muscles  and  skin  of 
the  thighfc,  2.  the  lumlrfir  aortic  plexus.  (3i  the  hypogastric  plexna,  (4)  the  lumbar  vertebrse 
and  th^ir  ligaruents.  An  electrode  placed  over  the  fourth  lumbar  veitebra  can  be  made  to 
produrre  contraction  of  the  bowels,  bladder,  uterus,  etc. 

G  includ«:ii  the  five  sacral  ganglia;  they  are  located  in  front  of  the  sacrum,  along  the 
inner  Kide  of  the  anterior  sacral  foramina.  They  send  blanches  to  (I)  the  sacral  nerves, 
(2f  middle  haucnX  artery.  (Zt  i«elvic  plexus. 

If,  a  ifingle  ganglion  in  which  the  great  sympathetic  tezminates.  It  is  located  in  front 
of  and  at  the  end  of  the  c^iccyx. 

PUxuses  icith  irhich  the  StfmpaihHic  Communicates. 

I,  carotid  plexus  which  fend»  nerve  filaments  to  (1)  carotid  artery,  (2)  dura  mater, 
(Z)  eyes,  M;  u.^tb.  It  may  be  resched  indirectly  through  the  superior  and  middle  cervical 
ganglia. 

J.  hranctif^  frr>m  the  su[>erior  cervicai  ganglia  distributed  to  the  pharsmx.  These 
phttr>'ng(,*al  branchci^  form  the  mutter  nerve  of  the  phar>'nx  and  soft  palate,  and  also  give 
lienMiiion  to  the  pAlate.  When  treating  disease  of  these  parts  one  electrode  should  be 
plaf>(r<l  over  the  se«:ond  and  third  cer\'ieal  vertebra*,  where  the  nerve  center  may  be 
reached. 

K,  \tTHXu:\urs  frrmj  the  ccr\'ical  ganglia  to  the  heart. 

L,  rlccp  canliac  plexus  It  lies  l)ehind  the  arch  of  the  arota  and  can  be  reached 
only  indire«tly  through  the  cervical  ganglia  and  the  pncumogastric.    (See  motor  point. 

Fig.  72.; 

-M.  fuiKfrfidal  cardiac  pIcxuH  lies  beneath  the  arch  of  the  aorta  in  front  of  the  right 
puliuoimry  Hnery.  It  may  be  stimulated  through  the  cervical  ganglia  and  the  pneu- 
M0g»i««lrif'. 

N,  HoJHr  j.IexuK,  IfK-atcil  liehind  the  stomach  and  in  front  of  the  aorta  and  crura  of 
th«.'  diaphnigiii.  It  supplies  all  the  viscera  of  the  abdominal  cavity.  To  thoroughly  stimu- 
late tlii«  [>lexuM  anil  the  organs  which  it  supplies,  the  spinal  electrode  should  be  moved 
over  lH*th  the  dop^al  and  lumbar  ganglia,  and  the  other  electrode  over  the  pit  of  the 
stomach  an<l  extending  to  uithin  two  finger-breadths  of  the  umbilicus.  Any  local  irrita- 
tion of  this  lin|K>rtaMt  plexus  may  alTect  (1)  the  diaphragm,  (2)  the  stomach,  (3)  the  liver,  (4) 
th<.'  spleen.  C))  the  kidneys,  (6)  the  intestines  (both  large  and  small),  (7)  the  sexual  organs,  (8) 
the  (circulation,  esiHJcially  below  the  diaphragm,  which,  ot  course,  exerts  an  influence 
upon  the  t4>tal  circulation. 

O,  aortic  plextis  is  <lerived  fr«.ni  the  solar.  The  electrode  should  be  placed  over  the 
lower  lumbar  vcrtebne  to  inlluence  this  ]»lexu«!.  It  supplies  the  inferior  vena  cava,  the 
4lescending  and  sigmoid  flexure  of  the  colon,  thu  u[)per  pait  of  the  rectum. 
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P,  hypogastric  plexus  supplies  all  the  organs  of  the  pelvis.  It  lies  in  front  of  the 
promontory  of  the  sacrum  and  between  the  two  common  iliac  veins.  It  receives  filaments 
fh>m  the  lumbar  and  first  two  sacral  ganglia,  over  which  the  electrodes  may  be  placed 
when  a  current  is  to  be  sent  to  the  bladder,  rectum  or  sexual  organs.  It  is  also  connected 
with  the  aortic  plexus,  and  hence  may  be  reached  by  the  same  treatment  which  influences 
either  the  aortic  plexus  or  the  solar  fh>m  whence  the  aortic  is  derived. 

G.  S.  The  Great  Splanchnic  |  These.together  with  the  renal  splanchnic,  not  shown 
Nerve.  J  on  cut,  all  arise  trom  tlie  thoracic  ganglia  and  supply 

L.  8.  The  Lesser  Splanchnic  1  filaments  to  all  the  important  organs  of  the  abdominal 
Nerve.  [cavity. 

The  Splanchnic  Nerves, 

Strong  fiiradixation  of  these  nerves  arrests  the  peristaltic  movements  of  the  small  in- 
testines.* 

£,  the  cnsiform  cartilage  terminating  the  sternum  (breast  bone),  to  which  the  dia* 
phragm  is  attached  ;  (u)*the  umbilicus,  (a)  nasal  duct,  (b)  orifice  of  Eustachian  tube,  (c> 
Eustachian  Electrode. 

Figures  1  to  12  mark  the  location  of  the  ribs.  It  will  be  observed  by  comparison  with 
Fig.  74  that  they  are  Joined  to  the  spine  at  points  considerably  higher  than  the  terminal 
ends  in  front. 

The  Scapu!a,  not  shown  on  the  cut,  lies  on  the  ribs  from  the  2d  to  the  7th  inclusive. 

The  Veridbrsc  may  be  easily  counted  by  drawing  the  fingers  two  or  three  times  down 
the  entire  length  of  the  spine,  with  firm  pressure ;  red  spots  will  mark  the  projections  on 
the  vertebrsD. 

The  Kidney  is  most  accessible  below  the  last  rib  on  the  outer  edge  of  the  erector  spins 
muscles.  A  portion  of  the  ascending  and  descending  colon  may  be  reached  by  an  elec- 
trode placed  on  either  side  of  the  spine  between  the  kidney  and  the  upper  edge  of  the 
hip  bone  outlined  on  above  cut. 


-PflOger,  1856. 
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reaching  It  l.overthe  sternum  (brean  bone)  Juit  abote  E,  ivhili;  Ih..- other  is  placed  orer 
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the  ceryical  ganglia  (see  Fig.  73),  or  at  the  right  side  of  the  neck  at  the  point  where  the 
electrode  A  is  placed  in  the  cat.  An  electrode  at  the  same  spot  on  the  ^  side  of  the 
neck  modifies  the  respiratory  movements.  * 

The  tobea  of  the  lunga  are  outlined  hy  the  wavy  dark  line  Just  above  the  fourth  rib  on 
the  right,  and  between  the  fifth  and  sixth  on  the  Ibft. 

The  diaphragm  is  marked  by  the  irregular  dark  line  extending  across  the  cut.  This 
shows  its  attachment  in  fh)nt  to  the  ribs  and  sternum. 

£  marks  the  cartilage  ending  the  sternum  (enslform  cartilage). 

The  itomaeh  may  be  electrized  by  placing  a  large,  broad  electrode  between  the  fiedse 
libs  below  B  and  two  fingers'  breadth  above  U. 

The  liver  may  be  reached  by  pressing  one  electrode  inward  and  upward  Just  below  the 
tenth  lib.  When  the  stomach  is  empty  the  liver  may  also  be  reached  by  pressing  the 
«leetrode  located  below  the  sternum  a  little  inward  to  the  right,  and  upward. 

O  indicates  the  location  of  the  gall  bladder. 

The  ooloA,  when  treated  for  torpidity,  should  have  the  negative  electrode  carried  ove* 
it  from  R  J  to  L  J,  in  the  direction  Indicated  by  the  arrows. 

U  is  the  umbilicus.  It  is  located  as  a  rule  above  the  level  of  the  body  of  the  third 
lumbar  vertebra. 

The  tpleen.    Place  a  broad  electrode  over  the  tenth  and  eleventh  ribs  on  the  left. 

The  bladder  may  be  reached  by  placing  one  electrode  above  the  pubic  bone  and  the 
other<«ver  thegangUajr,«|id  O,  Fig.  73. 

Electrode  B  marks  the  location  from  which  a  current  may  be  made  to  reach  the 
tirachial  plexus  of  the  corresponding  side. 

Electrode  A  marks  the  point  at  which  the  current  may  be  made  to  stimulate  the 
pneumogastrics  and  cervical  sympathetica. 


*  Arloing  and  Tripier,  Brown-84quaid*s  Aroh.  Phyi.,  1S78. 


CHAPTER  X. 

ELECTRO-DIAGNOSIS. 

Electricity  is  employed  as  an  aid  in  diagnosis  in  the  fol- 
lowing cases : 

1.  To  distinguish  between  apparent  and  real  death  (elec- 
tro-bioscopy) ; 

2.  Between  feigned  and  real  disease  (to  detect  malingerers)  \ 

3.  To  distinguish  between  different  forms  of  paralysis  (cen- 
tral and  peripheral) ; 

4.  To  detect  the  presence  and  location  of  the  bullet  in  gun- 
shot wounds. 

Tlie  horrible  fate  of  being  buried  alive  is  so  much  to  be 
dreaded,  that  any  means  which  will  aid  in  determining  whether 
life  is  extinct  in  doubtful  cases  should  be  regarded  worthy 
of  a  trial.  The  signs  of  death  which  are  most  generally  relied 
upon  are  cessation  of  respiration  and  the  heart's  action,  a  con- 
siderable fall  in  temperature,  stifl'ening  of  the  muscles  (rigor 
mortis),  the  dull  cornea,  tlie  dilated  pupil,  nou-transpai'eney  ot 
the  fingers  to  lamplight,  and,  finally,  decompositi(m.  These 
signs,  however,  are  occasionally  of  doubtful  value,  since  all 
exce))t  the  last  have  been  present  in  cases  of  trance.  Decom- 
position, when  it  occurs,  is  an  unquestionable  sign  of  death ; 
but  occasionally  it  is  very  much  delayed,  especially  in  cases  of 
poisoning,  habitual  druiikards,  and  those  who  die  from  wasting 
disease.  Althaus  claims  that  ^''Tioiieqf  these  signs  are  as  ready 
and  dtclsive  as  faradization^  which  indicates  death  vyith  absolute 
cert  a  in  ty  with  in  two  or  three  hours  afte,  •  its  occurrence, "  Authors 
are  not  agreed  as  to  the  length    of  time   after  death  at  which 

(258) 
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the  power  of  the  faradic  current  to  excite  muscular  contractions 
ceases.  Onimus  experimented  on  the  body  of  a  criminal  soon 
after  decapitation,  to  determine  the  effect  of  the  faradic  current 
on  muscular  conti'actility  after  death.  He  found  tliat  it  is  lost 
in  the  diaphragm  and  tongue  first,  and  within  two  hours  and  a 
half  in  all  the  facial  muscles.  In  the  limbs  the  extensor  muscles 
are  the  first  to  die,  while  the  flexors  retain  their  excitability 
about  one  hour  longer.  Five  or  six  hours  after  death  the 
muscles  of  the  trunk  still  answer  to  faradization,  and  the 
abdominal  muscles  are  particularly  tenacious  in  this  respect. 
Long  after  the  nmscles  of  the  extremities  have  become  insen- 
sible to  the  faradic  stimulus,  the  abdominal  muscles,  when 
exposed  to  the  air  and  cut  up,  may  be  seen  to  contract. 

Prof.  Rosenthal*  states  that  muscular  death  docs  not  cor- 
respond with  general  death  of  the  body,  but  follows  the  latter 
at  a  period  varying  from  thirty  minutes  to  several  hours.  He 
followed  the  gradual  extinction  of  both  faradic  and  galvanic 
excitability  of  the  nerves  and  muscles  after  death  in  twenty 
cases,  tlie  patients  having  died  from  various  diseases,  such  as 
pneumonia,  apoplexy,  fever,  etc.  He  found  that  post-mortem 
electric  excitability  disappears  more  rapidly  after  death  from 
chronic  than  acute  disease ;  that  it  remains  longer  in  well- 
nourished  than  in  wasted  bodies,  and  that  it  is  generally  extin- 
guished in  from  ninety  minutes  to  three  hours.  In  a  case  of 
drowning,  a  feeble  faradic  current  produced  good  contractions 
within  the  first  hour ;  after  that  it  was  necessary  to  increase 
the  power  of  the  current  in  order  to  cause  contractions  of  the 
same  strength  as  before.  In  three  and  one-quarter  hours  electric 
excitability  had  everywhere  vanished.  Stiftening  of  the  muscles 
(rigor  mortis)  appeared  only  after  five  hours  in  the  hand  and 
six  in  the  elbow.     He  reports   attending  a    case   of  trance,   a 


*  Professor  of  Physiology  in  the  University  of  Erlangen.    Physiology  of  Muscles  and 
Kerves,  1881. 
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hysterical  woman,  who  had  been  apparently  dead  for  thirty-two 
hours.  AH  the  muscles  of  the  face  and  extremities  contracted 
under  the  faradic  current,  therefore  he  recommended  measures 
for  resuscitation  ;  twelve  hours  afterward  she  spontaneously 
awoke,  recovered,  and  was  alive  two  years  after. 

M.  Crimotel,  of  Paris,  having  experimented  in  a  number  ol 
cases  of  apparent  death,  and  also  upon  persons  who  had  died 
from  the  most  varied  complaints,  arrived  at  these  conclusions : 

1.  Death  is  certain  when  all  the  muscles  have  entirely  lost 
their  faradic  contractility.  No  disease,  poisoning  or  asphyxia 
will,  during  life,  abolish  electric  contractility  in  all  tlie  muscles 
of  the  body. 

2.  Faradic  electricity  is  an  indispensable  test  whether  life 
is  extinct,  in  all  cases  of  apparent  death  oocnrring  sud- 
denly. When  there  are  several  victims,  as  aft»r  accidents,  it 
enables  the  attendants  to  distinguish  the  dead  from  the  living, 
and  also  the  order  in  which  the  dead  ceased  to  live. 

3.  In  newly-bom  infants,  muscular  contractility,  under  the 
influence  of  the  faradic  current,  continues  fifty  to  sixty  minutes 
after  the  heart  has  ceased  to  beat.  When  they  have  never 
exhibited  signs  of  life,  the  &radic  test  shows  whether  life  is 
really  extinct. 

4.  In  some  cases  of  cholera,  electro-muscular  contractions 
cease  within  lialf  an  hour  aftier  death. 

FEIGNED   DISEASE  (m  A  LINGERING). 

Diseases  are  frequently  feigned  for  the  purpose  of  exciting  sym- 
pathy, extorting  charity,  evading  work,  and  in  some  instances  with 
a  view  to  obtaining  damages  after  accidents.  Faradization  of  the 
skin  with  the  wire  brush  (electric  fustigation),  especially  over 
bony  projections,  is  an  excellent  means  of  settling  the  question 
in  most  cases.  It  is  exceedingly  painful,  and  yet  never  does 
harm,  except  where   there   is   disease  of    the    brain,  when    it 
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should  be  avoided.  Paralysis,  ankylosis  and  epilepsy  are  ilie 
favorite  diseases  with  niaiingerers.  In  the  former  disease  the 
symptoms  complained  of  are  such  as  are  due  to  peripheral 
(formerly  called  functional)  paralysis,  as  the  class  of  pereons 
who  would  lend  themselves  to  such  imposture  seldom  are 
sufficiently  actiuainted  with  the  symptoms  due  to  diseases  ol 
the  nerve  or  brain  substance  to  sucfesefully  imitate  them ; 
therefore,  if  tlie  muscles  respond  to  stimulation  by  electricity 
after  the  patient  Iiaa  complained  two  weeks,  we  may  conclude 
that  it  is  a  case  of  impusitJntL.  lu  c^ses  that  are  obscure, 
and  where  a  correct  diagnosis  is  of  importance  in  settling  the 
question  of  damages,  the  lamination  should  be  conducted  aa 
directed  for  diagnosing  obscure  cases  of  paralysis. 
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Method  of  idxiro-diaffTum*  in  paralysis.  It  is  necessary 
that  the  physician  be  provided  with  both  the  galvanic  and 
faradic  currents,  since  one  is  frei|uently  capable  of  exciting  eon- 
tractions  when  the  other  fails.  Tlie  difficulties  formerly  attend- 
ing tlie  employment  of  electricity  in  diagnosis  have  been 
almost  entirely  done  away  with  since  the  introduction  of  the 
Mcintosh  Combined  Batteries,  which  render  it  as  easy  to  use 
one  current  aa  the  other.  There  are  two  methods  of  applying 
the  currents,  indirect  and  direct. 
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Indirect  method.  Tliia  consists  in  placing  one  electrode 
over  tlie  ganglia  (see  Fig.  73)  or  nerve  trunk  that  supplies 
the  muscle,  and  the  other  over  some  indifferent  point. 

Dir&d  method.  In  this,  one  electnide  is  placed  {a)  over 
the  motor  point  (Fig.  72)  of  the  muscle,  or  (i)  direct  to  the 
muscle  itself,  and  in  either  case  the  alternate  electrode  is 
placed  at  some  indifferent  jxiint. 

Both  the  direct  and  indirect  methods  may  be  accomplished 
by  means  of  either  the  uni  or  bipolar  method. 

The  unipolar  method  is  accomplished  by  placing  one  pole  over 
the  nerve-center,  nerve  or  muscle  to  be  acted  on,  and  the  other 
pole  at  some  distant  or  indifferent  portion  of  the  body. 

Tlie  bipt^ar  method  is  accomplished  by  using  the  two  poles  iu 
close  proximity  to  each  other,  and  in  such  a  manner  that  the  pari* 
to  be  acted  on  are  traversed  by  the  current. 
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InHirin)i.enti<  required  for  eh^ctro-dia^nmis.  The  operator, 
while  sitting  or  stindiitg  near  the  patient,  mnat  have  ail  his 
apparatus  around  him  within  easy  reach,  ami  a  variety  of 
electnxles  suitL'd  t<)  tliu  parts  to  be  examined.  He  will  find 
it  convenient  to  bi."  provided  with  (in  jwldition  to  the  eponge- 
eovered  eloctnides  (Fig.  75)  that  accompsiny  the  combined 
batteries),  a  foot-plate   (Fig.  76),  a  pair  of  Duchenne's  points 
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{Fig.  77),  a  pole  changer  (Fig.  33),  if  the  battery  is  not  pro- 
vided with  one,  one  or  more  metallic  discs  (Fig.  78)  with 
suitaole  covers  (Fig.  79),  a  comb  electrode  (Fig.  80),  a 
Beven-toothed  metallic  electrode  (Fig.  81),  and  to  these  might 
be  added  others,  provided  special  organs  arc  to  be  examined. 
If  a  lady  patient  is  to  be  submitted  to  this  method  of  diag- 
nosis, a  long-handled  sponge  electrode  (Fig.  82)  is  almost 
essential,  and  if  the  operator  is  without  an  assistant,  a  self- 
retaining  neck  electrode  (Fig.  83)  will  also  be  required. 


Fig.  77. 

DUCHENNE'S  POINTS. 
Length  of  Horizontal  part,  3>^  in. 
Length  of  Oblique  part,  1  in. 

These  consist  of  nickel-plated  rods  terminating  in  gold  points,  and  are  e8i>eciaUy 
adapted  to  localizing  a  current  at  motor  points. 

To  prepare  the  jmtient  for  examination.  The  patient  must 
be  placed  in  a  good  light,  perfectly  at  rest,  wilh  all  the  mus- 
cles relaxed  and  both  sides  of  the  body  in  the  same  position. 
The  upper  extremities  are  best  examined  with  the  j)at!ent  sit- 
ting on  one  chair  with  the  forearms  resting  on  the  back  of 
another.  To  test  the  condition  of  the  lower  half  of  the  trunk 
and  the  lower  extremities,  the  recumbent  position  is  best. 
Throughout  the  examination  the  electrodes  and  skin  must  be 
well  moistened  to  enable  the  current  to  penetrate  to  the  uerve 
or  muscle.  Warm  water  is  the  best  Huid  to  use,  and  it  is 
scarcely  necessary  to  add  that  towels  should  be  placed  so  as 
to  prevent  the  bedctlotnes  or  drev«ts  of  the  patient  from  becom- 
ing damp.  When  the  dipper  part  of  tlie  hody  is  to  be  exam- 
ined, the  necklet  adjusted  to  hold  the  sponge  over  the  nape 
of  the  neck  is  a  suitable  arrangement.  If  the  lower  part  of 
the  hody  is  to  be  examined,  the  foct-jilate  may  be  laid  under 
the  sacrum,  and  the  patient  can  lie  upon  it  to  keep  it  in  position 
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or  the  universal  electrode  may  be  held  over  the  stemum  or 
In  front  of  the  abdomen  by  the  hand.  The  most  suitable 
method  to  pursue  in  most  cases  of  extended  examination  is  to 
bind  a  broad,  flat,  moist  electrode  over  the  front  of  the  abdo- 
men with   elastic  tapes,  and   proceed  in  the  following  order : 

1.  Test  the  effect  of  the  faradic  current  upon  the  nerve  trunks. 

2.  Upon  the  motor  points.  3.  On  the  muscular  tissue.  4.  Apply 
the  galvanic  current  in  the  same  order.  It  is  customary  to 
apply  the  negative  electrode  of  the  secondary  current,  when 
faradism  is  used,  to  the  part  to  be  tested.  Tlie  galvanic  cur- 
rent necessitates  observing  the  effect  of  first  one  pole  and  then 
the  other.  Commence  with  a  weak  cuiTcnt  and  press  the 
electrode  firmly  in  place.  The  patella  is  recommended  as  an 
"indifferent"  point  upon  which  to  place  one  electrode. 


XXi 


Fig.  78. 

METALIJC  DISCS. 
Dlam.l^;;,lV;;,!^^ln. 

These  are  nickel-plated  metallic  disc  electrodes,  adapted  to  the  purpose  of  localizing 
the  current  on  a  comparatively  small  space,  as  over  a  nerve  trunk,  gangUon,  or  upon  a 
muscle.  They  are  also  employed  to  apply  a  current  to  an  ulcer,  indolent  swelling?,  and  in 
all  localities  to  which  their  size  is  adapted.  For  lengthy  applications  they  moy  be  retained 
in  place  by  an  elastic  band  or  simple  bandage.  They  should  be  covered,  when  used,  with 
moist  flannel  or  cloth,  which  may  be  tied  over  them. 

ELECTRICAL    RE  ACTIONS     IN    HEALTH. 

In  health,  the  muscles  supj^lied  by  the  symmetrical  nerves 
of  the  two  sides  of  the  body  are  excited  to  contraction  by  the 
same  strength  of  current.  On  irritating  a  motm'  nerve  with 
electricity,  the  only  vlsihle  phenomenon  which  follows  is  con- 
traction of  all  the  muscles  which  it  supplies.  Contraction  does 
not  depend  simply  upon  the   power  of  the  nerve  to  canduct 
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electricity.  The  latter  excites  the  nerve  cells  to  exercise  their 
fuDCtions.  This  is  proven  by  tlie  fact  that  if  a  nerve  be  in- 
jured or  diseasod,  no  electric  stimulation  and  no  contractions 
are  produced,  although  its  power  of  conducting  the  current  is 
in  no  way  interfered  with.  It  is  also  shown  by  this  additional 
fact,  tliat  the  further  from  the  muscle  a  healthy  nerve  is  irri- 
tated, the  greater  is  the  effect  produced,  and  this  is  increased 
if  a  portion  of  the  nerve  center  be  included  in  the  circuit. 


BLECTRODE  COVER. 

Thli  li  luluble  fordlM*,  unlveisal  spongQ  or  olb«r  elcctrodea,  elthei  loprrrtect  sponge 
OTlo  IcBien  the  patn  produced  b;  direct  metallic  con tui^t  with  >k<D.  Thin  flannel  oTmiulln, 
cut  in  clrcuUr  form  large  eDougb  loiUpoveiibe  electnide  IbrwMchll  li  made,  isgaibered 
upon  a  rubber  band.    It  may  belaundrled  repeatedly, 

Iffect  of  faradiam.  Eaeli  shock  of  the  current  produces  a 
muscular  contraction,  immediately  followed  by  relaxation ;  but 
as  in  the  ordinary  apparatus  these  interruptions  rapidly  suc- 
ceed one  another,  there  arc  no  apparent  intermissions,  one 
contraction  not  hai-ing  ceased  before  another  takes  place  ;  hence 
there  is  tetanus  of  the  muscle  so  long  as  the  current  is  pass- 
ing. Rapidly  interniptcd  furadisin  is  the  most  powerful  elec- 
trical stimulant  to  healthy  nerve. 

^ect  of  galvanism.  The  nuiscnlar  contraction  produced 
by  a  galvanic  current  occurs  at  the  moments  when  the  circuit 
is  opened  and  closed,  no  contraction  occurring  while  the  current 
passes  without  interruption.  In  health,  the  negative  pole  always 
produces  a  stronger  contraction  than  the  positive.  These  prac- 
tical tacts  should  not  be  lost  sight  of  in  electro-diagnosis : 
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1.  In  healthy  jjersons,  the  contraction  prodnced  by  closing 
the  circuit  at  tlic  mgative  pole  exceeds  that  produced  by  dodng 
the  circuit  at  the  positive  pole. 

2.  Alscj  Ihe  opening  of  the  circuit  at  the  positive  pole  pro- 
duces stronger  contractions  than  when  the  circuit  is  opened  at 
the  negativ!  pole. 

The  tnilli-ammeter  should  be  used  to  measui'e  the  strength  of 
current  used  in  these  tests. 

3.  In  health,  the  galvanic  current  applied  to  a  nerve  does 
not  produ«;e  as  sti-oiig  contractions  as  the  faradic  current. 

4.  When  )i  muscle  is  deprived  of  its  nerve  influence  by 
poi.son  or  otherwise,  leaving  its  fibers  healthy,  the  reactions 
are  very  diiiei-enL 


{a)  The  faradic  will  then  produce  no  contraction  of  the 
tnnscle  whatever,  no  matter  how  slowly  the  interniptione  may 
be  made. 

(/>J  The  influence  of  the  gnh-antc  current  is  increased  so 
that  a  wi'jikLT  jjower  is  required  to  produce  contractions  than 
in  the  normal  state. 

In  this  condition  there  is  not  only  contraction  at  the  instant 
of  opening  and  closing  tlie  galvanic  current,  but,  if  the  current 
be  strong,  there  is  otlen  u  tetanic  spasm  during  its  continned 
passage. 

5.  With  a  normal  nerve  supply,  the  more  rapidly  the 
galvanic  current  is  interrupted,  the  more  vigorous  is  the  mns- 
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cular  contraction.  When  the  nerve  supply  is  cut  off,  the 
reverse  is  true. 

6.  The  relative  excitability  of  different  nerves  and  muscles 
depends  upon  the  tissues  lying  between  the  electrode  and  the 
nerve  or  muscle  to  be  examined.  When  one  side  only  is 
diseased,  it  can  be  readily  compared  with  the  healthy  side; 
but  if  both  sides  are  attacked  it  is  more  diflScult  to  determine 
the  amount  of  change  that  has  resulted. 

The  comparative  irritahUity  of  the  different  nerves  and 
muscles  throughout  the  body.  This  is  an  important  point,  since 
we  cannot  compare  one  leg  with  the  other  when  both  are 
diseased ;  but,  knowing  the  relative  irritability  of  certain  points, 
the  lower  extremities  may  be  compared  with  healthy  regions, 
and  their  condition  be  thus  indirectly  determined. 


FlO.81. 

METALLIC  POINTS. 
Leugth,  2  in. 

This  electrode  resembles  the  comb  electrode,  but  is  better  adapted  to  the  examlnatfoo 
of  short  muscles  of  the  fkce,  hands  and  feet. 

Dr.  Hughes  Bennett^  has  made  a  series  of  observations  on 
the  normal  subject,  with  the  view  of  attempting  to  deduce 
some  definite  facts  concerning  the  electric  excitability  of  the 
nerve  trunks,  the  motor  points,  and  the  muscles,  from  which 
he  has  derived  these  conclusions :  When  a  very  weak  faradic 
current  is  in  turn  applied  to  all  the  nerve-trunks  of  the  body, 
and  very  gradually  increased  in  strength,  the  first  to  show  any 

•  Member  of  Royal  CoUege  of  Physicians,  London  ;  physician  to  the  Hospital  Ibff 
J^Oapay  and  ParalysiB,  etc.  etc;  author  of  "  Electro-Diagnosis  in  Nervous  Disease.'* 
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sigiis  of  response  is  the  spinal  accessory.  (See  Fig,  72.)  This 
seems  to  be  the  most  sensitive  to  electric  irritation  in  the  body. 
As  tlie  current  is  slowly  increased,  the  next  nerve  to  respond 
is  the  branch  from  the  cervical  plexus  to  the  levator  anguli 
scapulie  muscle.  A  further  but  very  slight  increase  brings  the 
ulnar  into  action.  Increased  a  little  mure  the  median  facial, 
remainder  of  cervical  plexus,  anterior  crural  and  external  pop- 
liteal, react,  all,  as  nearly  as  possible,  being  of  equal  excita- 
bility, varying  a  little  in  different  individuals.  A  further 
increase  brings  into  action  the  musculo-spiral  and  the  internal 
popliteal.  The  following  table  gives  the  order  of  excitability 
in  the  various  superficial  nerve-truaks: 

1.  Spinal  accessory.  6.  Cervical  plexus. 

'2.  Branch  to  levator  anguH  ecapulse.  7.  Anterior  crural. 

3.  Ulnar.  8.  External  popliteal. 

4.  Median.  9.  Muaculo-spiral. 

5.  Facial.  10.  Internal  popliteal. 


■<«- 


Fla.  82. 

8Pi;fAL  ELECTRODE. 

Length  of  stem,  12  In.    Dlametei  of  disc,  4  In. 

The  disc  ofthls  eleclrodc  oonafatB  nf  a  mmallic  plate,  covered  with  aponge  opon  the 
anterior  and  soft  nibbt'r  on  the  posterior  surriice.  The  long  mcUUic  atem  la  Insulated  with 
hard  rubber  and  la  miide  to  lit  the  universal  hantile.  which  adda  i'-i  Incbea  to  lla  length. 
It  la  ilcalgned  U>  Iw  uatd  beneath  the  clothing. 

Suppose  a  case  to  be  examined  has  both  legs  paralyzed,  we 
cannot  compare  one  with  the  other,  but  we  may  arrive  ui  an 
approximate  idea  of  the  truth  by  comparison  with  healthy  parts 
of  the  body.  Thus  the  anterior  crural  and  external  popliteal 
nerves  in  health  are  about  equal  to  the  niedmn  and  facial  in 
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excitability.     The  internal  popliteal  is  about  the  same   as  the 
m^tscuUhspiral^  or  somewhat  less  excitable  than  the  median. 

The  motor  points  diminish  somewhat  in  irritability  at  the 
peripheral  as  compared  with  the  central  portions  of  the  body. 
The  best  general  guide  is  the  nearest  healthy  nerve-trunk%  the 
excitability  of  which  is  a  little  greater  than  the  motor  points 
near  it.  For  example,  a  current  which  produces  vigorous  con- 
tractions when  applied  to  the  ulnar  nerve  will  cause  well- 
marked  action  of  all  motor  points  in  front  of  the  forearm,  but 
not  to  the  same  extent  as  when  the  trunk  is  stimulated. 

The  muscle  substance  requires  a  stronger  current  to  produce 

contraction  than  is  necessary  when  the  latter  is  applied  directly 

to  the  nerve  supplying  the  muscle.     Muscular  irritability  varies 
thus : 


FlO.  83. 

NECK  ELECTRODE  OR  NECKLET. 

This  consists  of  a  sponge-covered  disc  ftuitened  to  a  black  hard-rubber  spring  to  retain 
the  disc  in  place.  A  binding  post  receives  the  conducting  cord.  A  similar  device  is  made 
to  retain  one  electrode  on  the  arm  or  about  the  body,  which  is  much  used  in  the  electro- 
thermal bath.    It  is  very  convenient  for  the  operator  since  it  leaves  both  hands  Aree. 

(a)  Those  best  supplied  with  nerve  branches  are  most 
readily  stimulated  by  the  faradic  cun*ent. 

(J)  The  larger  and  coarser  the  fiber  of  the  muscle  the  more 
powerful  a  gah)a/nic  current  must  be  used  to  produce  con- 
traction. 

{c)  The  conducting  media  (skin,  fat,  connective  tissue)  and 
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State  of  skin  (moist  or  dry)   vary   in   different  localities,  and 
modify  the  action  of  both  currents. 

{d)  The  muscles  of  the  upper  extremities  are  more  easily 
stimulated  than  those  of  the  lower ;  the  flexors  of  the  arms 
more  than  the  extensors,  and  the  inner  and  anterior  aspects  of 
the  legs  more  than  the  outer  and  posterior.  Those  of  the 
trunk,  and  especially  the  large  muscles  of  the  back  and  abdomen, 
are  less  irritable,  as  a  rule,  than  those  of  the  limbs,  and  the 
back  less  than  the  front  of  the  body. 

GENERAL   PRINCIPLES   IN   ELECTRO-DIAGNOSIS  OF   PARALYSIS. 

Cases  of  paralysis  giving  normal  electrical  reaction  usually 
indicate  that  the  disease  originates  in  the  hrain  or  white  col- 
umns of  the  cord. 

Cases  of  ])aralysis  giving  abnormal  electrical  reaction  usually 
indicate  disease  of  either  the  grey  m/itter  of  the  cord^  or  the 
perlp/ieral  nerves.  The  evidence  is  stronger  if  the  electrical 
responses  are  changed  in  quality  and  character  in  addition  to 
quantity  and  degree. 

Paralysis  of  one  side  of  the  body  (hemiplegia)  is  usually 
due  to  brain  disease. 

Paralysis  of  the  lower  half  of  the  body,  including  the 
bladder  and  rectum  (paraplegia),  is  generally  due  to  spinal 
disease. 

Cross  paralysis,  where  the  loss  of  power  is  in-egular,  as 
when  it  affects  the  face  on  one  side  and  a  limb  on  the  other 
(hemiplegia  alternate),  may  be  dependent  on  disease  of  the 
brain  or  the  white  coluj)tns  of  tlie  cord. 

The  reaction  in  hemiplegia  alternate  is  normal,,  therefore 
the  disease  cannot  be  exactly  located  by  electricity,  but  must 
be  determined  bv  general  symptoms,  oflen  a  matter  of  great 
difficulty.     Fortunately  the  latter  form  is  extremely  rare. 
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When  electrical  reaction  is  greatly  increased^  it  indicates 
hyper-excitability  of  the  nervous  system  ;  and  when,  in  addition, 
reflex  muscular  contractions  are  produced  in  various  parts  of 
the  body  by  stimulation  of  a  nerve  in  the  paralyzed  parts,  it 
is  fiirther  evidence  of  great  irritability  of  the  spinal  cord 
almost,  if  not  quite,  amounting  to  organic  disease.  When 
paralysis  is  confined  to  the  branches,  and  muscles  supplied  by 
a  single  nerve-trunk,  the  probability  is  that  the  lesion  is  of 
peripheral  origin. 

When  a  limb  has  lost  its  power  of  motion  as  a  result  of 
disease  of  the  cord^  the  abnormal  electrical  responses  may 
exist  in  one  of  three  ways. 

{a)  They  may  be  uniformly  distributed  throughout  the 
entire  paralyzed  member,  all  the  muscles  being  equally  affected. 
This  takes  place  in  gross  lesions^  involving  a  nvass  of  the  struc- 
ture of  the  cord. 

(b)  They  may  be  distributed  only  to  certain  muscles  form- 
ing physiological  groups^  irrespective  of  their  nerve  supply. 
For  example,  all  the  flexors  of  a  limb,  or  its  extensors,  may 
present  abnormal  reactions,  although  they  receive  their  nutritive 
supply  from  difterent  sources.  This  occurs  in  chronic  aflec- 
tions  of  the  anterior  roots  of  the  spinal  nerves. 

(c)  They  may  be  irregularly  distributed,  affecting  muscles 
neither  in  anatomical  nor  physiological  groups.  This  often 
follows  acuts  infiammation  of  the  grey  matter, 

(d)  They  are  always  distributed  according  to  anatomical 
relations  in  peripheral  paralysis;  in  other  words,  the  abnor- 
mal reactions  occur  only  in  those  structures  which  receive 
their  nerve  supply  from  a  special  nerve-trunk  totally  irre- 
spective of  their  function. 

Hence  limited  jyaralysis^  originating  in  the  cord^  may  be  dis- 
tinguished from  that  originating  in  a  peripheral  nerve  lesion, 
since  in  the  former  the  limb  is  uniformly  affected,  or  its  mus- 
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cles  are  attacked  in  physiological  or  irregular  groups,  while  in 
the  latter  they  are  affected  according  to  their  anatomical  dis- 
tribution. 

Paralysis  arising  from  disease  of  the  grey  matter  of  the 
cord, 

(a)  When  the  abnorm/al  reactions  are  uniform,  extending 
over  an  entire  limb,  the  disease  occupies  a  mass  of  its  sub 
stance,  as  in  inflammation  of  the  substance  of  the  brain 
(myelitis). 

(J)  If  they  are  confined  to  certain  physiological  groups  of 
muscles,  the  disease  has  generally  been  chronic,  and  implicates 
the  anterior  roots  of  the  spinal  nerves,  as  in  progressive  mus- 
cular atrophy. 

(<?)  If  the  degenerate  muscles  react  in  an  irregular  manner, 
neither  according  to  distribution  or  function,  the  disease  has 
usually  been  the  result  of  an  acute  inflammation  of  the 
anterior  cornua  which  has  destroyed  some  of  the  nutritive 
centers,  and  left  others  intact. 

When  a  nerve  is  found  deficient  in  response,  and  muscle 
normal,  it  shows  alteration  in  the  former,  the  latter  remaining 
intact,  as  is  sometimes  seen  in  the  early  stage  of  infantile 
paralysis. 

The  t'lectrical  reactions  in  peripheral  paralysis  indicate 
with  exactitude  the  extent  and  distribution  of  the  disease. 

(a)  When  electrical  reactions  are  normal,  it  indicates  a 
paralysis  of  slight  and  temporary  form  ;  prognosis  is  favorable. 

(J)  Loss  of  response  wlicn  either  current  is  applied  to 
nen'e-trnnhs  points  to  nerve-alteration,  and  this  in  proportiofi 
to  diminution  of  action. 

(c)  Loss  of  response  to  faradiiiin  applied  direct  to  a  mus- 
cle, indicates  changes  in  tlie  intni-muscular  nerves,  without 
necessarv  alteration  of  the  fibers  themselves. 

{d)  Loss  of  response  with  (jalvanisni  applied  to  the  muscles, 
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shows  a  modificatioii  or  destmction  of  the  mascalar  tissue,  and 
this  in  proportion  to  the  physical  changes  induced. 

Reaction  of  degeneration.  Immediately  after  a  muscle  has 
been  injured  severely  enough  to  destroy  a  portion  of  a  motor,  or 
mixed  nerve,  it  has  been  found  by  Erb  that  atrophy  of  the  muscu- 
lar fibers  sets  in,  which  may  be  seen  during  the  second  week,  and 
reaches  its  limit  about  the  fifth  or  sixth  week.  At  first  it  ceases 
to  respond  to  the  faradic  current,  then  follows  a  period  when 
it  will  act  only  to  a  slowly  interrupted  galvanic  current,  and 
finally  ceases  to  react  to  any  form  of  electrical  stimulation  ; 
he  termed  this  the  reaction  of  degeneration.  It  is  present  in 
paralyses  arising  from  rheumatism,  lead  palsy,  the  paralysis 
peculiar  to  writers,  telegwph  operators,  etc.  In  those  diflScult 
cases  after  railway  and  other  accidents,  when  persons  demand 
compensation  foT  i/a^.ages,  the  existence  of  the  reaction  of 
degeneration  wOidd  be  a  fact  of  vital  importance  in  favor  of 
the  applicant,  as  ifc  would  indicate  that  he  was  suffering  from 
a  serious  injury  of  the  nerves.  Such  a  demonstration  in  a 
court  of  ju/ti'-"d  is  more  conclusive  than  any  amount  of 
authoritative  '/pinion. 


Fig.  84. 

Mcintosh  electric  probe 

Prognosis  in  perlplieral  paralysis.  Provided  the  cause  can 
^e  removed,  as  a  rule,  if  there  be  but  little  wasting  of  the 
muscles  and  they  respond  somewhat  to  the  faradic  current,  a 
cure  may  be  expected  in  a  comparatively  short  time.  If  the 
muscles  are  much  wasted,  the  disease  has  existed  a  long  time, 
and  the  muscles  refuse  to  respond  to  the  application  of  either 
kind  of  a  current,  the   case,  though  possibly  curable,  requires 
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a  guarded  prognosis.     In  case  of  complete  wasting  of  mnsdes 
following  paralysis,  it  is  useless  to  expect  improvement. 

TO   DETECT  THE   PRESENCE    AND   LOCATION   OF    A    BULLET,    OR   PIECES 

OF  METAL   IN   WOUNDS. 

The  electric  probe,  Fig.  84,  is  used  principally  to  ascertain  the 
location  of  the  bullet  in  gunshot  wounds,  but  it  may  be  used 
for  other  metals.  It  consists  of  a  pair  of  spiral  wires  insulated 
from  each  other  and  connected  through  the  sockets  A  and  B 
with  the  poles  of  a  single  galvanic  cell.  A  galvanometer  is  in- 
cluded in  the  circuit ;  when  the  probe  touches  a  piece  of 
metal,  either  at  the  end  or  at  any  part  of  its  length,  both 
wires  are  in  contact  with  it,  the  circuit  is  completed,  and  the 
galvanometer  needle  will  be  deflected.  If  a  powerful  cell  is 
attached  to  the  probe  the  circuit  may  be  completed  through 
electrolytic  action  in  the  tissues,  and  the  needle  will  be  de- 
flected when  no  metal  is  present.  To  prevent  this,  use  very 
weak  fluid  to  excite  the  elements. 

N 


Fio.  85. 
McINTOSH  ELECTRIC  EXPLORING  NEEDLE. 

The  instrument  shown  in  Fig.  85  is  constructed  on  the 
plan  of  an  aspirating  needle.  N  is  a  canula  ;  a,  holder  for 
conducting  cord  ;  P,  an  insulated  needle.  It  is  designed  to 
be  used  when  the  course  of  the  missile  has  become  obliterated. 
One  pole  of  a  single  galvanic  cell  is  attached  to  P,  the  other 
to  a.  N  is  introduced  until  it  strikes  the  suspected  foreign 
body,  then  P  is  inserted  through  X.  A  galvanometer  is 
included  in  the  circuit,  and  the  deflection  of  the  needle  shows 
when  both  points  strike  a  piece  of  any  metallic  substance. 
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CHAPTER  XI. 

ELECTRO-THERAPEUTICS. 

The  Braik.  It  is  believed  that  the  galvanic  current  pene- 
trates the  substance  of  the  brain,  while  the  faradic  current 
is  distributed  chiefly  to  the  membranes.  Erb  claims  that  elec- 
tricity enters  the  brain  only  at  the  openings  in  the  skull  through 
which  the  bloodvessels  pass. 

Althaus  reports  a  case  where  he  had  an  exceptional  opportu- 
nity to  observe  the  influence  of  these  nerves  upon  the  brain. 
There  was  complete  anaesthesia  of  the  entire  fitlh  pair,  and  no 
cerebral  symptoms  were  produced  even  when  a  current  powerful 
enough  to  cause  intolerable  sensations  to  a  healthy  person  was 
sent  straight  through  the  head.  As  the  reflex  function  of  the 
nerves  was  restored,  the  patient  could  no  longer  bear  a  current 
without  decided  cerebral  symptoms. 

Lowenfeld  discovered  that  a  descending  galvanic  current 
(positive  at  nape  of  neck,  and  negative  at  forehead)  contracts 
the  vessels  of  the  brain  and  its  membranes  ;  an  ascending  galvanic 
current  dilates  them ;  a  cross  galvanic  current,  i,e,  the  positive 
pole  applied  to  one  side  of  the  head  and  the  negative  to  the 
other,  dilates  the  vessels  on  the  side  of  the  positive  and  contracts 
them  on  the  side  of  the  negative  pole.  Faradic  currents  in  any 
direction  through  the  brain  produce  the  same  effect  upon  the  blood- 
vessels as  when  applied  elsewhere.  According  to  Weber,  they 
produce  at  first  anaemia  through  contraction,  followed  by  hyperae- 
mia  through  paralytic  affection  of  the  vessels.  Kolliker  and 
Remak  also  verified  these  obser^^ations. 

Some  persons  suflfer,  after  galvanization  of  the  head,  from 
a    feeling    of   dullness     and    confusion    or    faintness,  and,  in 
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ceitaiii  caseb.  iiausea  or  votDitiug.     These  srixiptoms  are  usq&Ut 

caubed   bv  an   iiijudieious   BelectioD    of  curreDt.    or   too    lc»iig 

an  applica.ioii  of  a  suitable  one.     Formerly  it  was  common  to 

emplov  mudi  more  powerful  and  long-continued  treatments  than 

are  at  present  deemed  jutstifiable,  and  in  a  few  instances  fltty^<s 

of    cerebral    heiuorrliage.    followed    bv    general    oonrulsians. 

|>aralvKit!i.  etc.,  have  resulted. 

DitaMAseis  in  whlrh  Hue  apjAuMtUm  ofd<jctricity  to  tl^  Iraim 

his  j/roren  ^j*rfvejU'lai  : 

Cerebral  aueiuia,  Headache,  Ophim  habit,  etc^ 

Cerebral  hyj^t^ru'ijjia.  Indpieut  inaanitv,  SleepleaBDeaa, 

Cerebral  exliauHtion,  Morbid  dej^fjcutione  SpasiDodicdifieaMaangi- 

<;erebral  paralysis,                in  tbe  brain,  Dating  in  the  brain. 

Dipt»r^uiauia,  Neural^, 

Mdlt/Mi  of  apjAying  tUctriclty  to  the  hrain.  There  are 
certain  general  rulew  wliif-h  goveni  the  application  of  elec- 
tricity \a}  all  part*»  of  the  b^xly,  but  it  is  impossible  to  foimnlate 
si>ecific  rules  for  its  application  to  any  single  organ  or  diaeaae. 
The  dtnte  of  electricity,  like  that  of  a  drug,  must  be  regulated 
by  the  age,  race  and  habits  of  life  of  the  patient  under 
treatment. 

The  skin  of  the  aged  is  firnj.  fre<|uently  dry,  and  is  less 
easily  j>enetrated  ;  therefore  it  will  require  not  only  larger  elec- 
trodes, hut  that  th(fy  be  placed  as  near  as  i>rjssible  to  the 
orpin  or  fnuscle  through  which  the  current  is  sent.  The  skin 
of  dark  races  does  not  permit  a  current  to  pass  as  readily  as 
lighter  ones;  th(*n»fon}  they  n(;ed  to  have  the  electrodes  large 
and  near  top4h<*r.  Those  accustomed  to  laborious  pursuits, 
involving  severe  inuwiilar  exercise,  cilf(;r  great  resistance  to 
the  passage  of  the  current,  in\  account  of  the  firmness  of  the 
niuseular  tissue,  and  will  re^juire  tlie  same  arrangement  of 
elect ro<les  as  the  j)rect*ding. 

Th(»re  \w\\  several   ways  in   which  electrization  of  the  broiu 
may  he    performed  :     1.    Place    one   ]>ole   on  tlie  forehead,    the 
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otlier  on  the  back  of  the  Iioad  (occiput).  2.  Place  one  pole 
over  each  temple.  3.  Place  one  pole  behind  each  ear  (on 
mastoid  process).  4.  One  very  large  electrode  on  the  top  of 
the  head  and  another  at  the  feet,  in  the  hands,  along  the 
spine  or  under  the  chin.  5,  To  electrize  one-half  the  bniin, 
place  one  pole  on  the  eyebrow  and  the  other  on  the  mastoid 
process,  or  in  the  hand  of  the  same  side.  Less  dizziness  is 
caused  when  the  current  passes  through  one  side  of  the  liead 
only,  or  from  forehead  to  occiput,  than  when  sent  from  one 
side  to  the  other  through  the  temples  or  mastoid  processes. 
To  avoid  shocks  or  nnplcasant  symptoms,  never  make  or  break 
the  current  in  the  raetiillic  part  of  the  circuit.  This  may  be 
accomplished  best  by  locating  the  sponges  and  then  gradually  add 
the  desired  current  by  means  of  a  rheostat.  When  you  wish  to 
discontinue  the  current  reverse  the  above  process.  Another 
method  consists  in  adding  one  cell  of  the  battery  at  a  time,  begin- 
ning with  one,  to  the  desired  number,  always  observing  that  the 
connection  with  the  last  added  cell  is  complete  before  the  previous 
cell  is  disconnected.  The  bifurcated  cords  render  this  easy  of 
accomplishment.  Still  another  method  consists  in  removing  the 
electrode  covered  with  a  moistened  sponge  verj'  slowly  and  in 
Buch  a  manner  that  the  sponge  does  not  lose  contact  with  the  skin 
thronghont  its  entire  extent  at  once.  The  sponge  should,  in  this 
e,  be  of  considerable  thickness  and  contain  but  sufficient  water 
to  make  it  thoroughly  moist  but  not  drip  when  pressed  firmly 
against  the  skin.  The  electrode  may  bo  moved  over  the  surface  of 
the  skin  without  shock  provided  it  is  not  raised  from  the  surface. 
The  reason  for  this  will  be  apparent  if  the  operator  will  test  a 
galvanic  current  upon  his  own  head.  The  best  authorities  now 
,  recommend,  for  applications  of  galvanism  to  tlie  brain,  a  few 
.  cells  only  in  circuit,  three  t^i  six  freshly  charged  zinc^Mrbon  or 
!  twice  that  number  of  gravity  c«lls.  Faradism,  in  the  form  of 
I  A  primary  current,  may  be  employed  direct  from  the  battery. 
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If  the  therapentic  effect  of  t)ie  secondary  is  required,  it  shonld 
be  carried  through  a  rheostat,  or  eome  substitute  for  it,  as  the 
arm  of  the  patient  or  operator,  or  a  very  lai^  moist  sponge 
electrode  covered  with  moist  flannel.  The  length  of  sitting 
depends  largely  upon  the  condition  of  the  case ;  it  variea  from 
thirty  seconds  to  half  an  hour. 


ADJUSTABLE  SPONGE  HOLDER. 

A,  melilllc  holder ;  diUD.  l^  Id. 

d,  pUte  upon  wblcti  the  sponge  Is  AiMened,  the  edge  being  held  between  d  and  a 
b,  the  nut  vhlrh  holds  c  and  d  together, 
a.  screw  which  flts  the  unlrerssl  hindle. 
B  shows  the  sponge  adluated  and  fostened. 

This  sponge  holder  cannot  be  too  highly  commeaded ;  a  sponge  of  aQy  site  may  be 
attached  or  removed  in  a  moment,  making  It  pcuibla  to  employ  a  clean  sponge  In  ever; 
case.  The  meul  holder  Is  nlcliel  plated  and  does  not  corrode  easily;  a  UtUe  care  In 
removing  the  wet  sponge  after  using  will  keep  11  in  good  onler  fOr  yean. 

Mectrodes  auitabU  to  iise  in  e/^ectnmtion  of  the  hrain.  The 
universal  electrodes  may  be  employed  for  this  purpose,  or 
any  other  style  which  offers  a  sufficiently  large  surface  of 
contact.  When  they  are  placed  on  the  hair,  the  latter  must  be 
moist,  as  it  is  a  non-conductor  wheu  dry.  Sponge  electrodes 
are  preferable  for  the  top  of  the  head,  forehead  or  tcmplea. 
Those  illustrated  in  Figs.  86,  87,  88  and  89  will  be  found 
very  satisfactory  for  all  purposes  where  a  comparatively  lai^ 
electrode  is  required. 
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AiJJCMiA  flKD  IIypkilemia. —  All  diseases  accompanied  by 
sntemis  or  deficiency  of  blood  in  the  brain,  shoiiid  be  treated 
with  ai]  aaccAding  current ;  those  whicli  are  accompanied  by 
too  much  blood  in  the  brain  (congestion  or  hypersemia)  require 
a  deacendi?iff  current.  It  should  be  understood  that  electricity 
is  not  employed  to  regulate  the  blood  supply  of  the  brain 
when  the  circulation  is  obstructed  by  tumors,  aneurism,  heart 
or  luDg  disease. 


BALL  ELECTRODE, 
el  plBt«d  ball  ts  placed  Id  Ihe  center  of  a  large  jpooge  a 


attarhed  dlrcctlf 


Cerebkal  KxHAtTsnoN. — "Wherever  sleeplessness  is  a  pro- 
minent symptom,  tJie  production  of  aneleclrotonos  should  be 
the  rule.  Catelectrotonos,  on  the  other  hand,  is  an  excellent 
remedy  where  there  is  drowsiness  in  the  daytime." — lAlfhaus], 
To  produce  anelectrotonoa,  the  galvanic  current  is  employed,  a 
large  sponge  upon  the  liead  forming  tlie  positive  pole,  and  an 
ordinary  electrode  in  the  patient's  hands  the  negative.  Cate- 
lectrotonos is  produced  in  a  similar  manner,  the  electrode  on 
the  head  in  this  case  being  negative,  the  one  in  the  hands 
positive.  One  to  iive  minutes  is  the  usual  length  of  the 
application.  The  treatment  of  paralytic  atfections  due  to  dis- 
ease of  the  bniin  will  be  described  under  p<ijalygk. 

Dipsomania. —  Habitual  drunkards  frequently  present  dis- 
ordered conditions  of  the  brain,  in  which  electricity  doubtless 
would  prove  beneficial.  Althaus  states  that  lie  has  seen  many 
instances  where   mental    depression    and   nervousness    bad   led 
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•Jic  sufferere  to  indulge  in  intoxicating  drinks  in  order  to 
overcome  their  wretolied  sensationB,  wliere  catelectrotonos  of 
fhe  brain,  spine  and  cervical  sympathetic  liad  resulted  in 
recover)'.  He  treated  one  case  successfully  that  presented  a 
**tate  of  complete  nervous  derangement  from  this  cause.  Forty- 
five  sittings  were  required.  Electro-thermal  baths  are  a  valuable 
aul  in  restoring  the  constitutional  vigor  after  it  has  become 
impaired  by  excesses  of  any  kind. 

Opium  Eating,  Excessive  Shokino,  etc. — The  mental  and 
nervous  symptoms  that  accompany  the  effort  to  break  up 
these  habits  may  be  very  greatly  allayed  by  galvanization. 
Sleeplessness  is  usually  a  symptom  demanding  an  applicatioa 
of  the  positive  pole  to  the  brain  to  produce  anelectrotonos. 


This  oondiU  of  a  thin  pUle  or  metal.  covcTed  oti  iu  anterior  inrlkeeirlth  iponga,  on 
the  pflelerLor  with  loft  rubber,  to  whlcb  a  loop  of  soft  niblwr  li  altacbed,  tbrougb  whicta 
•bs  opcralor'H  hand  In  itaiied  when  ihe  electrode  it  uicd.  The  rubber  IninlaMa  It  aDd  pro- 
tecu  the  patleDi'B  cloililng  from  moisture  irhen  employed  n>r  general  eleanrlMtloD.  A 
binding  post  beneath  the  rubber  receives  tha  conducting  cord. 

Spasmodic  Biskases  resulting  from  disease  of  the  brain  will 
be    considered    in    connection   with    those    arising   from    other 

HEADAfHE. —  Galvanintn.  Headache  confined  to  one-half 
the  head  (liemicrania)  was  first  treated  systematically  by  Hoist, 
who  applied  the  galvanic  current.  One  small  electrode  ie 
located  at  the  inner  edge  of  the    stei-no-cleido-mastoid  muade. 
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at  the  puint  iadiciited  by  motor  point  21,  Fig.  72,  iind  the  other 
in  the  paim  of  the  hand.  Hemifrania,  attended  by  contracted 
condition  of  the  bloodvessels,  sunken  eye  and  features,  should 
have  the  positive  current  applied  through  the  electrode  at  the 
neck.  The  eleeti-odes  are  located,  aud  then  the  eutjuit,  in- 
elading  fmni  six  to  ten  zinc-carbon  cells,  is  closed  ;  after  two 
to  three  minutes  the  current  is  gradually  reduced  in  strength 
by  disconnecting  cells  one  by  one  from  the  circuit.  On  the 
contrary,  when  there  is  a  paralytic  condition  of  the  vaao-motop 
nerves,  shown  by  fullness  of  the  bloodves-sels  and  injected  eye, 
the  electrode  at  the  neck  should  be  tierfatii'e,  and  the  current 
ehonld  be  interrupted,  or  in  some  cases  repeatedly  reversed,  by 
means  of  a  pole-changer.  Tliis  treatment  usually  brings  s 
sense  of  comfort  and  relief  in  a  very  short  time,  and  in  some 
cases  it  appears  to  produce  a  lengttiening  of  the  interval  between 
attacks. 


The  handle  of  lh[a  elcctrodp  li  made  of  poKthcd  blark  rubber.  In  Ihe  ume  itjris  h 
Ihe  univeiHl  handle,  10  tvhicb  It  b  suiierlDr  In  Ihal  li  la  not  aiTtcicd  by  moliture.  A  la  • 
dUc  nr  carbnii,  insulated,  except  on  Its  anterior  fnat,  vlTh  hard  rubber.  B  rcproaenia  Uia 
carbon  bee  uf  the  ditc.  A  sponge  may  be  allaohed  tjiltlu  tbciauiu  manner  as  iteacrlbed 
DDder  FlE,  86.  or  II  mar  be  mod  with  the  porcr  ohown  In  Fig.  79.  When  lorat«l  over  ■ 
point  Ihal  ban  llldo  lenBillTenca,  It  may  be  u^ed  nithnut  a  cover.  Carbon  ti  eupcrlar  W 
all  oUier  aubeUnceH  employed  fbr  electrodes  In  cleanllnesi  and  freedom  ^m  corrosliio. 


Faradtsm.  Frommhold  and  Fieber  recommend  the  induced 
current.  The  former  prefers  tlic  primary  faradic,  with  one  pole 
high  up  thu  back  of  the  neck  in  the  median  line,  and  the 
other  over  the  forehead  or  over  the  eyebrows.     Fieber  preiers 
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the  electric  hand.  The  patient  holds  one  electrode  and  the 
operator  the  uninsulated  portion  of  the  other,  while  his  free  hand 
is  passed  over  the  patient's  head.  Forms  of  headache,  de- 
pendent upon  disease  of  some  other  organ,  require  treatment 
applied  at  the  seat  of  the  disease,  instead  of  to  the  brain 
exclusively.  General  faradization  and  central  galvanization  are 
both  beneficial  in  many  cases  where  headache  is  a  frequently 
recurring  symptom. 

Incipient  iNSANixy. — Galvanism  possesses  great  value  as  an 
adjuvant,  when  properly  applied,  in  antagonizing  various  con- 
gestive states  of  the  brain,  which,  if  unchecked,  would  undoubt- 
edly result  in  organic  disease. 

Typical  cases  of  nerve  exhaustion,  accompanied  by  congestion  of  the 
brain,  impaired  nutrition,  dullness  of  perception,  melancholia,  inability  to 
bear  stimulants,  with  restlessness,  sleeplessness,  perspirations,  and  loss  of 
elasticity  of  the  skin,  are  relieved  by  applying  the  galvanic  current  to 
the  head  daily  for  a  period  of  not  more  than  five  minutes  at  each  sitting, 
as  a  rule,  but  repeating  the  application  twice  daily  if  necessary.  Ame- 
lioration follows,  which  lasts  longer  each  time,  and  results  finally  in  a 
cure.  The  most  severe  forms  of  cerebral  congestion  are  amenable  to  this 
treatment,  even  when  accompanied  by  a  loss  of  consciousness.  A  proper 
tonic  contraction  of  the  cerebral  bloodvessels  is  secured,  thus  heading  oflf, 
perhaps,  mental  disease.  In  the  application  of  the  constant  current  to 
the  brain  to  antagonize  various  congestive  states,  the  positive  pole  is  to 
be  placed  at  the  level  of  the  first  cervical  vertebra,  and  the  negative  at 
the  level  of  the  superior  ganglia  of  one  of  the  cervical  sympathetic  nerves. 
The  current  should  be  interrupted,  since  vascular  contraction  occurs  most 
markedly  at  the  opening  and  closing  of  the  circuit. — Dr.  Mann. 

Dr.  Amdt,  of  Greifswald,  has  thoroughly  tested  electricity 
in  many  forms  of  insanity,  and  has  arrived  at  these  conclusions: 

Faradism  is  a  powerful  stimulant  upon  diseased  nervous 
centers,  and  should  therefore  not  be  employed  where  the  symp- 
toms point  to  increased  excitability,  i.e.^  in  all  so-called  primary 
cases.  It  also  does  not  answer  in  secondary  cases,  if  they  are 
marked  by  a  high  degree  of  irritable  weakness  and  a  tendency 
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tn  reflex  actions.  It  is  an  excellent  remedy  in  cases  of  simple 
atony  of  the  brain,  depression,  or  paralysis  of  function.  It 
must  not  be  forgotten  that  some  conditions  of  excitability'  are 
not  owing  to  irritation,  but  to  paralysis ;  and  some  forma  of 
stupor  may  be  caused  by  spasm  and  not  by  depression.  The 
latter  may  be  looked  for  when  there  are  symptoms  of  irritation 
in  other  organs ;  for  instance,  where  respiration  is  sighing  or 
jerky,  where  there  is  much  hiccough  or  gaping,  irregularity  of 
the  heart's  action,  dilatation  of  the  pupils  or  difference  in  their 
size,  spasms  of  voluntary  musics,  etc.  When  no  such  symptoms 
are  present,  the  condition  may  be  looked  upon  as  one  of 
depression,  which  faradism  will  relieve. 

Faradization  of  the  dry  skin,  and  especially  electric  fustiga- 
tion  of  the  upper  half  of  the  body,  sometimes  proves  an  excel- 
lent measure  in  disease  of  tlie  brain,  thi-ough  its  i-eflex  action. 

Amdt  recommends  faradization  of  the  phrenic  nerves  at  the 
neck  (see  Fig,  72)  in  depression  of  the  nerve  centers.  This 
rule  has  been  given  for  the  use  of  galvanism  in  insanity: 
Secent  cases  and  functional  diseases  are  benejited  by  it,  while 
old  ca«ea  and  structural  diseases  resist  its  injl^ience. 

Melancholia. — FVanMtnism.  Dr.  Blackwood*  reports  a 
case  illustrating  the  beneficial  effects  of  frankhnic  electricity 
in  snitable  cases. 

A  £,  a  case  of  melanchcilia  persistent  for  four  years,  in  all  except  the 
mental  state,  healthy,  and  not  at  any  time  hysterical  or  excitable.  Drugs 
foiling,  she  was  referred  to  me  for  electrical  treatment,  her  physician  being 
glad  to  drop  the  case.  I  put  her  on  general  faradization  four  times  a  week, 
with  some  benefit  after  a  month's  trial,  but,  not  being  eatislied  myself,  I 
Bubstituted  static  electricity,  and  her  improvement  in  another  month  was 
decidedly  greater,  and  then  she  was  at  times  not  only  cheerful,  but  her 
interest  in  Burroundiag:  affairs  was  noticeable  to  ber  associates.  Thia 
method  of  treatment,  with'mt  any  auxiliary,  in  four  months  did  mora 
toward  recovery  tlian  all  former  plans  combined,  and  so  lar  the  improve- 

•  JTbUcoJ  Tima,  OcUberZS.  1B8L 
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ment  is  permanent.  She  was  treated  by  simple  charging  when  insulated, 
triweekly,  the  condition  being  maintained  for  half  an  hour  at  each  time ; 
and  although  to  my  mind  she  is  yet  abnormally  depressed  at  times,  she  is 
in  every  way  better,  and  her  friends  consider  her  recovery  perfect 

Neuralgia  of  the  brain  will  be  considered  in  connection 
with  neuralgia  of  other  organs. 

Morbid  Depositions  in  the  Brain.  OaJAsani^n  has  been 
used  by  Althaus  to  remove  morbid  depositions  from  the  brain. 
Hughes*  states  that  he  has  seen  paralysis  of  one  side  of  the 
body,  loss  of  voice,  and  dilBBculty  in  swallowing,  from  disease 
of  the  brain,  disappear  under  its  use  combined  with  internal 
medication. 

Dr.  Barraquer  has  employed  magnetism  in  a  case  of  paral- 
ysis from  cerebral  hemorrhage  occurring  three  years  previously. 
A  powerfiil  electro-magnet,  weighing  250  to  300  pounds,  was 
held  within  an  inch  of  the  crown  of  the  head  for  a  few  min- 
utes. There  was  visible  improvement  after  the  first  sitting,  and 
after  four  the  patient  could  fully  extend  his  forearm  and 
fingers. 

Sleeplessness  (Insomnia). — Cases  of  sleeplessness  frequently 
prove  very  difiicult  to  relieve,  and  it  sometimes  occurs  that 
after  drugs  have  failed  to  overcome  it,  electricity  proves  suc- 
cessful. It  is  a  desirable  substitute  for  hypnotics,  where  it  can 
be  made  to  answer  the  purpose,  and  precludes  all  danger  of 
rendering  the  patient  a  victim  of  opium  or  chloral. 

Franklin  ism,  galvanism  and  faraiiism  have  each  proved  suc- 
cessful, and  no  general  rule  can  be  given  for  selection,  unless 
tliis  may  be  reganied  as  one.  That  form  of  electricity  best 
adapted  to  the  disease  which  gives  rise  to  insomnia  should  be 
given  the  first  trial :  frequently  an  application  to  the  diseased 
organs  will  be  followed  by  sleep.     When  insomnia  is  produced 


•G.  H.  Hughes,  M.D.,  St.  Louis,  in  a  paper  read  before  the  Association  of  Americmo 
Institutions  for  the  Insane,  at  Toronto,  Canada,  June  14, 1881. 
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by  mental  anxiety  or  exhaustion,  electricity  may  temporarily 
produce  sleep,  but  in  all  cases  the  removal  of  the  cause  is  an 
essential  factor  in  treatment.  A  prolonged  application  of  a  very 
mild  current  is  advisable  when  the  trouble  is  due  to  an  ex- 
cited or  irritated  condition  of  the  brain  or  nerves ;  no  muscular 
contractions  should  be  produced  when  the  faradic  current  is 
used,  and  no  burning  or  stinging  sensations  with  the  galvanic. 

Faradiam,  Apply  a  mild  faradic  current,  one  electrode  over  the  solar 
plexus,  the  uninsulated  portion  of  the  other  in  t!ic  left  hand  of  the 
operator.  The  whole  person  of  the  patient  is  then  gently  stroked  with 
the  dry  right  hand  of  the  operator ;  the  sponges  or  electrode  covers  must 
be  well  moistened.  The  most  grateful  effects  are  obtained  while  brush- 
ing over  the  back  and  limbs.  A  very  mild  current  may  be  applied  half 
an  hour;  a  current  that  will  produce  the  crackling  of  dry  cuticle  is 
enough. 

Galvaniim.  When  the  above  measure  fails,  galvanism  may  succeed. 
Two  to  four  zinc-carbon  cells  are  sufficient.  The  negative  pole  is  placed 
over  the  solar  plexus,  and  the  positive  is  applied  through  the  hand  of 
the  operator  to  the  top  of  the  head  (avoiding  the  forehead),  down  the 
neck  on  each  side  as  in  central  galvanization.    [Blackwood.] 

THE   EYES. 

Effect  of  the  galvanic  current.  The  eyes,  owing  to  the 
large  amount  of  water  they  contain,  are  excellent  conduc- 
tors. Volta,  so  long  ago  as  1800,  discovered  that  the 
galvanic  current  has  a  special  effect  upon  the  optic  nerve. 
The  current  from  a  single  pair  of  elements,  when  an  elec- 
trode is  placed  on  each  eye,  produces  a  faint  flash  of  light 
at  the  commencement  of  the  current ;  while  the  current  is 
passing,  a  luminous  appearance  is  present  to  a  person  with 
sensitive  retina,  and  there  is  again  a  distinct  flash  when  tlie 
circuit  is  broken. 

Helmholtz  made  a  real  advance  in  electro-physiology.  lie 
observed  that  the  descervdimj  current  (the  positive  electrode  on  the 


f^/r<rl¥^  arid  tht:  nefotzirh  lt<;Id  in  the  hand)  prodoees  not  onlj 
irrifatiz/Ti^  t/tjt  aJUrrstk^rj  //f  excitabilitj.  extenud  objects  becom- 
ing U:tA  4httn$i^  Tite  ffffet^  fd  the  fucending  current  (the  positive 
eUffiirfMUs  Ut  i\ie  hand  and  the  nt^ative  to  the  fordiead)  is  to 
refuler  ohjtiftM  more  di<$tinct  To  carry  the  current  directlr  to 
th45  o\^u:  utifvii^  Becfjrding  to  Brenner,  the  most  fiivorable 
arran^ernifrjt  m  Ut  phice  one  electrode  over  die  eye  and  the 
iAitar  at  the  nape  of  the  neck. 


Pio.  «). 
flK)NGB-<:OVERED  EYE  ELECTRODE. 

ThlN  nlm'irrMli)  U  to  tx)  iiaed  when  the  currant  in  to  be  applied  equally  to  both  eireaat 
fiiini.  Tlid  Mm  N|M>ii||:ii-rov(«rHl  platcM  are  molHtt'ned  in  warm  water  and  placed  on  the 
rIoNKil  nyi'llila,  and  connflrtiul  through  the  binding  post  with  one  pole  of  the  battery.  The 
bow  Im  liiNiilnUut  wlt)i  hard  rubber.  Thin  electrode  is  retained  in  place  by  xneana  of  an 
•Inalli'  niril  paiMlnir  anmiid  the  hea<l  and  tied  in  the  small  loops  projecting  flrom  eacn 

/{)/}•<♦/  iff  f/ic  fannff'r  nirmit.  The  primary  current  pro- 
duct'H  no  a|)|>rociul)lo  ('Hoct,  but  the  Beeondary  gives  a  more  or 
h^H  rapiti  HiicceHHioii  of  slight  bhie  ilasiies,  or  glimmer,  similar 
tt>  that  <»hm»rvtHl  in  hyponi'sthosia  of  the  retina. 

(\tutti>h,  Tlu^  fact  thar  the  physiological  effects  of  galvanism 
dllU^r  fiH>iu  thoHo  of  faratiisin  cannot  be  nuide  too  emphatia 
l)uchtMnu\  boin^  uiuiwart*  of  this  ini}K>rtant  fact,  after  treating 
a  |Mitii^nl  siitU^ring  fnuu  paralysis  of  the  facial  nerve  with 
t^u*aili!^ni  without  aiTiilont,  atWrwanl  applied  a  galvanic  current 
InnmHliali^ly  artor  the  ciix*uit  had  lH*t»n  ix^nipleteil,  the  ]>atient 
ori^nl  out  that  the  whole  rvnuti  was  in  a  blaze,  and  found  his 
aight   v>t\    the    Hiilo    when*   the    ekH^trinles    had   been    apjdied 
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i  wae  lust,    and    lie    nuvor    regained    it.      Fanidism    ha 
I  leas  effect  on  the  retina  than   galvanism,   and  is  not  f 
to  do  harm. 


Hkeiy 


pv 


KYE-CUP  ELECTRODE. 


I 


Tbli  1»  k  tiBB  ere-cnp  with  a  m 
InU)  tl.  When  Died,  the  cup  in  Ollei 
btttlerT.  It  1»  vary  useful  In  treaHi 
nrrea  as  a  rheosut  u>  modlf|f  the  c 

IHSKASE8  TO    WHICH 


Hi  binding  pm 


HAS    BEEN   srtXJKSSFCLLY 

Hallucinations  or  sight. 

Nkvus  of  eyelid. 

Opacitiesofcorneaandvitreoushumor. 

Paralygis  of  the  mnB<:leH, 

Kemoving  fragmente  of  nielal, 

Spasm  of  eyelids, 

TricbiosiB  (inverted  eyelashes}. 


'  both  eyes,  and  the 


Amaurosia, 

Amblyopia, 

Atony  of  optic  nerve, 

BlindnesH  following  fevers,  etc., 

Double  vision  (diplopia), 

Granular  lids, 

Strabiamus  (cross-eyes). 

Electricity  may  he  applied, 

1.  Directly,  one  pole  beini;  applied  to  on 
[  other  at  some  distant  point. 

2.  Indirectly  through  the  sympathetic  nerv 

3.  Indirectly  by  reflex  action  of  the  fifth  t 


AitAUEosra. — Oalvanistn..     A   mild   cnrrent  may  be   passed 
throDgh    the   eyeball  so  as  to   traverse  tlie   retina,  or  confined 
to  those  twigs  of  the  fifth  pair  of  nerves  that  ramify  on  the 
rehead.      When  these  nerves  are  to  be  stimulated,  interrnpt 
corrent    with    a    rlieotome    introduced    into    tlie    circnit 

■  Orapengreeeer  introduced  a  nasal  electrode,  connected  with  the 

■  positive  pole,  into  the  nose,  and  placed  the   negative  upon  the 
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forehead*  It  is  rare,  wlien  siglit  is  completely  gone,  that  it 
can  be  restored  by  any  means;  yet  Magendie  cured  one  case 
of  complete  amaurosis  by  galvanism  and  electro-punctnre.  M. 
Ptirjinke  believed  that  the  direction  of  the  current  is  impor- 
tant. When  the  amaurosis  is  at  its  commencement,  and  is 
accompanied  by  subjective  pains,  he  placed  the  n^ative  as 
near  as  possible  to  the  eye  upon  which  he  desires  to  act, 
while  it  is  the  positive  electrode  which  he  thus  places  when 
the  amaurosis  commences  by  a  weakening  of  the  sensibility  of 
the  retina.  The  opposite  pole  is  placed  near,  as,  for  instance, 
in  contact  with  the  buccal  gland.  Amaurosis,  accompanied 
by  congestion  of  the  brain,  should  not  be  treated  by  electricity. 
FranklinUm.  De  Saussure  cured  a  case  by  shocks  direct- 
ed from  eyeball  to  the  neck. 


Fig.  92. 

METHOD  OF  USING  THE  EYE-CUP. 

After  filling  the  cup  fUll  of  water,  let  the  patient  bow  the  head,  doee  the  eye, 
and  press  the  cup  up  tirmly  arv>und  the  eyeball,  so  that  when  the  head  is  raised 
water  will  cover  the  eyelid.  If  the  (patient  remembers  to  bow  the  head  before  the 
electrode  Is  removed ,  not  a  drop  of  water  need  be  spilled.  Warm  water  condiicta 
better  than  cold,  and  should  be  used  when  lun  cimtra-indicated. 


Amblyopia. — Farndiwi.  Weakness  of  sight,  with  aching 
of  the  eyes  when  iiseil  befort*  breakfast,  or  at  twilight  or  in 
reading  tine  print,  is  frtHjueiitly  aocoinpjiiiieii  by  general  fee- 
bleness, dyspepsia   or   hysteria.     Reanl    and    Rockwell    recom- 
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mend,  for  this  condition,  to  place  the  negative  pole  at  the  back 
of  the  neck  and  move  the  positive  electrode  over  the  closed 
eye,  using  a  mild  taradic  current  (labile  faradization)  for  five 
to  ten  minutes. 

Galvanism,  If  faradization,  both  local  and  general,  fails, 
try  a  galvanic  current  from  a  few  cells  only ;  in  this  case  the 
positive  electrode  must  be  kept  stationary.  Dr.  Mitteiidorf 
has  found  that  galvanism  is  best  adapted  to  amblyopia  caused 
by  tobacco  or  loss  of  blood,  probably  from  the  beneficial  effect 
produced  upon  the  bloodvessels,  and  consequently  upon 
nutrition. 


Fio.  98. 

SMALL  EYE  ELECTRODE. 
Length,  S^  inches. 

The  stem  of  this  electrode  is  insulated  and  fits  the  universal  handle.  It  termi- 
nates in  a  smaU,  thin  spatula-shaped  plate.  It  may  be  used  in  treating  the  muscles* 
or  margins,  of  the  eyelids. 

Atony  of  the  Optio  Nerve. — Galvanism,  Benedict,  Erb 
and  Driver  recommend  placing  the  positive  pole  to  the  naj)e 
of  the  neck  and  the  negative  over  the  closed  eyelids,  and 
moving  it  gently  over  and  around  them,  for  one  or  two  min- 
utes, not  to  exceed  three  minutes.  The  number  of  cells  at 
first  should  not  be  more  than  two  or  three  ;  in  subsequent 
sittings  they  may  be  increased  to  twelve.  If  dizziness  occurs 
during  treatment  or  headache  after,  this  treatment  will  do 
harm.  Better  a  very  short  application  every  day  than  a  longer 
one  at  longer  intervals. 

Blindness^  originating  in  a  protracted  attack  of  chills  and 
fever,  cerebro-spinal  meningitis,  and  other  acute  diseases,  have 
been  reported  cured,  in  a  few  cases,  by  the  downward  gal- 
vanic current,    the   negative  pole  being  held   in  the  hand  or 
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against  the  spine,  while  the  positive  was  placed  on  the  top  of 
the  head,  the  hair  being  moistened. 

GRAjnnjLB  Lids. — Electrolysis.  Dr.  Areola,  of  Palermo,  has 
employed  electrolysis  with  success  in  removing  granulations 
of  the  conjunctiva.  Dr.  Kohn,  of  Berlin,  has  also  reported 
many  successful  cases.  The  negative  current  is  applied  by 
means  of  a  suitable  electrode  (Fig.  93)  to  the  inverted  smr&ce 
of  the  upper  lid.  The  positive  is  applied  over  the  nape  of  the 
neck.  The  first  operation  continues  about  ten  minutes.  Dr. 
Schivardi  publishes  three  cases  of  old  granulations,  lasting, 
respectively,  two,  three  and  eight  years.  The  first  was  cured 
in  five  sittings,  the  second  was  greatly  improved  after  two 
sitiings,  the  third  was  cured  in  nine  sittings,  and  the  sight, 
previously  obscured,  was  regained.  It  requires  three  persons 
to  pertbrm  this  operation — one  to  hold  the  head  steady  and 
lid  reversed,  one  to  hold  the  negative  pole,  one  to  hold  the 
positive  and  manipulate  the  battery. 

Cystic  Tumors  of  the  eyelid  are  effectually  destroyed  either 
by  electrolysis  or  galvano-cautery. 

Halluclnations  of  Sight. — Galvanism.  Flashes  of  light 
before  the  eyes,  dimness  of  sight,  hallucinations  of  sight, 
etc.,  not  dependent  upon  organic  disease,  have  been  relieved 
by  a  dmcnward  galvanic  current,  beginning  with  a  current 
from  two  cells  and  increasing  from  day  to  day  as  it  can  be 
borne,  to  twelve  cells.     The  sittings  may  be  repeated  daily. 

N-Evus  OF  THE  Eyelid. — Electrolysis.  This  has  been  success- 
fully removed  after  the  following  method  :  Introduce  the  negative 
pole  into  the  tumor  and  close  the  circuit  with  a  large  sponge  for 
the  positive,  located  on  the  neck;  use  a  current  from  six  to  ten 
zinc-carbon  cells  (this  to  be  decided  by  the  size  of  tumor  and 
condition  of  cells).  Let  tlie  current  operate  for  two  minutes  and 
withdraw  the  needle ;  unless  the  patient  is  very  sensitive  an 
anaesthetic  is  imnecessarv. 
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Opacities  OF  TBKViTKEotJaHtTMOK, — Galvaniam,  M.  Teulon,* 
in  writing  ujioii  opaeilies  of  the  vitreous  body,  gives  tlie  resultB 
in  twenty-four  cases  observed  by  hira  and  treated  by  t!ie  con- 
tinued current ;  he  reckoned  tweuty-two  as  radically  cured.  He 
employs  a  very  small  number  of  elements,  ami  applies  the 
positive  pole  upon  the  closed  eyelids,  and  the  negative  i\\ym  the 
mastoid  process,  ur  upon  the  superior  cervicid  ganglion.  The 
application  lasts  only  two  or  three  minutes.  M.  Teulon  i:on- 
siders  that  in  every  opacity  of  the  vitreous  body,  no  matter 
what  be  its  degree  or  extent,  provided  that  its  development  has 
not  assumed  the  confirmed  tbrra  of  hypertrophy,  the  constant 
continued  current  is  the  most  efficacious  treatment. 

Le  Fort  and  Onimus  have  also  advised  the  use  of  the  galvanic 
current  as  an  aid  to  clcai'ing  up  vitreous  opacities.  Cralvanism 
has  also  been  employed  to  remove  opacities  of  the  cornea  and 
produce  absorption  of  iritic  membranes.  Von  Graefe  claimed 
quick  absorption  of  cataract,  but  others  liave  not  been  so 
fortunate.  Four  freshly  charged  zinc-cavbon  cells  are  sufficient, 
as  a  rule.  There  is  danger  of  increasing  the  opacity  by  a  too 
careless  use  of  the  current 

Paralysis  of  ocular  muKlea.  Electricity,  both  faradization 
and  galvanization,  is  often  of  great  service  in  the  treatment  of 
paralysis  of  the  mascles  of  the  eye,  especially  if  the  cause  is 
peripheral.  The  negative  pole  is  placed  on  the  closed  eyelid,  in 
B  situation  corresponding  to  the  affected  muscle,  the  positive 
being  located  on  the  temple  or  back  of  the  neck,  the  sitting  not 
to  last  beyond  two  or  three  minutes. 

OalvanUm.  Benedict  applies  a  feeble  current  from  a  few 
cells  (three  to  seven  zinc-carbon  are  sufficient)  as  follows :  Paraly- 
UB  of  the  mnscle  that  draws  the  eyeball  outward  ;  place  the 
positLve  on  the  torehead  and  stroke  the  cheek  bones  for  several 
minutes  with  the  negative. 


•JTstical  Prat  a> 


[  Cimlar,  NoTcmber  9. 1881. 
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Paralysis  of  the  muscles  that  tarn  the  eyeball  in  toward  the 
nose  and  obliquely  downward ;  apply  the  negative  to  the  skin  on 
the  side  of  the  nose  near  the  inner  angle  of  the  eye. 

Paralysis  of  the  muscle  that  raises  the  eyelid  (ptosis) ;  apply 
the  negative  to  the  upper  eyelid,  over  which  it  may  be  moved 
while  the  current  is  passing. 

Paralysis  of  the  muscle  that  moves  the  eyeball  downward ; 
apply  the  negative  to  the  lower  border  of  the  orbit. 

Paralysis  of  the  muscle  that  raises  the  eyeball  upward  and 
inward  ;  apply  the  negative  to  the  inside  of  the  nose  in  the 
neighborhood  of  the  inner  angle  of  the  eye.  The  alternative 
electrode  in  each  case  being  located  on  the  forehead. 

Faradism  is  recommended  by  Althaus,  M.  Meyer  and  Soel- 
berg  Wells.  The  positive  pole  is  placed  below  the  ear  and  a 
small  moistened  sponge  electrode  connected  with  the  negative  is 
placed  on  the  closed  eyelid,  as  near  as  possible  to  the  paralyzed 
nmscle,  sending  the  current  through  it  for  two  or  three  minutes. 
In  some  cases  improvement  follows  in  one  or  two  sittings,  and  in 
others  it  may  not  appear  until  fifteen  or  twenty.  Persistent 
treatment  will  sometimes  be  rewarded  with  success  in  very 
obstinate  cases.  Dr.  Mitteudorf  has  observed  that  pain  which 
frequently  accompanies  weakness  of  the  internal  I'ecti  muscles 
has  been  greatly  relieved  by  faradism. 

Diplopia. — Galvanism,  The  field  in  which  double  vision  is 
present,  according  to  Benedict,  is  lessened  immediately  by  the 
treatment  above  described.  When  this  is  not  the  case,  a  longer 
continuance  and  increased  strength  of  the  current  is  not  indi- 
cated, but  rather  a  change  in  the  kind  of  electricity  employed. 
In  one  case  Duchenne  applied  a  moist  electrode  over  each  eye, 
closed,  and  opened  the  circuit  twice  at  intervals  of  a  second  ;  the 
patient  saw  a  dazzling  flame,  and  on  opening  the  eyes  discovered 
that  he  was  cured. 
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Strabismus. — Faradism.  Cross  eyes,  dependent  merely  upon 
debility  ot  the  muscles,  may  be  relieved  by  faradizing  the 
muscles  that  are  at  fault.  Dr.  Poore  reports  a  case  of  paralytic 
strabismus  in  which  localized  faradization  aided  in  the  cure. 
After  tenotomy  had  been  performed  and  the  wound  healed,  the 
eye  was  found  in  the  old  position  of  extreme  inversion.  The 
external  rectus  was  faradized  for  some  weeks  by  an  electrode 
placed  on  the  muscle.     The  patient  steadily  improved. 

Spasm  OF  THE  EvELros. — GaJ/vani^m,  Apply  the  positive  to 
the  eye  through  the  eye-cup,  and  the  negative  to  the  palm  of 
the  patient^s  hand. 

Trichiasis.  — Electrolysis.  Dr.  J .  Elliott  Colbum,*  in  a  paper 
read  before  the  Chicago  Medical  Society,  describes  the  usual 
method  of  removing  inverted  eyelashes  by  electrolysis,  which 
he  had  used  in  fifty  cases  at  the  State  Eye  and  Ear  Infirmary 
and  at  the  Central  Free  Dispensary,  twenty-two  of  which  had 
been  under  observations  through  periods  of  from  six  months  to 
three  and  a  half  years. 

The  instruments  necessary  for  this  operation  are  a  battery  which 
famishes  six  or  more  zinc-carbon  cells,  a  light  needle-holder  and  a  suit- 
able needle.  The  patient  being  placed  in  a  strong  light,  the  surgeon 
fixes  the  lid  in  a  Desmarc's  or  Knapp's  clamps.  The  patient  holds  the 
handle  of  a  positive  electrode  in  the  right  hand,  and  places  the  moist 
sponge  on  the  palm  of  the  left,  after  the  needle  is  introduced  into  the 
hair  gland.  The  needle  may  be  withdrawn  after  about  ten  seconds.  The 
patient  should  remove  the  sponge  from  the  left  hand  simultaneously 
with  the  withdrawal  of  the  needle.  The  number  of  cells  to  be  used 
should  be  decided  by  the  surgeon's  knowledge  of  the  condition  of  his 
battery.  I  use  from  six  to  ten  cells  of  a  zinc-carbon  batterj*.  Where 
the  hairs  are  very  fine  and  obscure,  the  use  of  three-inch  lens  will  be 
found  quite  serviceable.  After  electrolysis,  the  hairs  should  be  removed 
with  epilation  forceps.  The  only  objection  to  the  operation,  in  my  expe- 
rience, is,  that  when  there  is  a  large  number  of  hairs  to  be  removed  the 
pain  becomes  somewhat  tedious ;  though  with  the  clamp  I  find  the  pain 
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is  not  BO  great  Only  abont  fifteen  per  cent  of  the  hairs  return.  The 
irritation  following  the  operation  is  Blight,  The  lidB  will  be  awollen  for  a 
day  or  two.  In  one  case  from  which  I  removed  but  two  or  three  hairs,  the 
operation  was  followed  by  the  growth  of  fifteen  or  twenty  minute  haira, 
which  were  promptly  removed.  The  results  in  all  cases  were  good  and 
permanent 

Ttie  method  of  performing  this  operation  will  be  more  iall; 
described  under  Hirsuties. 


The  com  of  this  Initnunent  it  miule  of  ion  Inm,  ftni]  It  loiTouiiiled  bjr  manr  cohtoId- 
Uons  of  Iniulaled  mpper  wire,  all  Inclooed  la  and  Insulated  by  a  bUck  huO-rubber  cover. 
It  BMj  be  comifCled  with  a  ilngle  Grenel  cell,  or  with  any  number  of  the  ainc-carboii  celli 
oT  the  Mcintosh  galvanic  battery.  The  iIh  of  a  ma^et  sbaiiltl  be  In  praportion  to  the 
body  acted  upon.  I&rg«  nu^eU  capable  of  lifting  many  poandi  welcbt  offer  do  advan. 
tage  avei  imall  ones  mAgnetlied  to  latimlloo.  when  amall  fragmenta  of  metal  are  to  be 


To  Remote  Fb&quents  of  Ikoh  ob  Steel  fbom  the  Ers. — 
The  electro-magnet  is  extensively  used  at  present  for  this  pnr^ 
pose.     The  method  of  applying  it  is  as  follows : 

The  point  of  the  magnet  is  broi^^ht  in  direct  contact  with  the  foreign 
bmly,  and  then  moved  away  to  the  distance  of  a  fonrth  of  an  inch;  this 
maneuver  is  repeated  several  tdmes,  and  if  the  case  is  seen  before  the 
corneal  wound  han  had  a  chance  to  heal,  the  fbreign  body  will  finally  be 
fuund  adhering  to  the  point  of  the  instmment.  If,  however,  the  wound 
has  healed,  a  change  in  the  procedure  is  necessary.  White  keeping  the 
ni:i^net  in  close  proiimlty  to  the  foreign  body,  an  inciuoD  through  the 
wound  is  to  be  mode  for  the  purpose  of  allowing  a  free  exit,  the  maneuver 
of  touching  and  withdrawing  the  instrument  must  be  gone  through  with 
^ain  and  again,  and  ultimately  the  foreign  body  will  be  easily  removed. 
These  two  methods  are  entirely  sufficient  for  the  extraction  of  all  frag- 
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menta  in  this  issne,  ae  long  as  11117  P^^  *>f  them  ia  in  the  cornea,  ev«n 
though  the  greater  portion  of  their  bulk  projecla  into  the  anterior  chmmber. 
The  anterior  chamber  may  be  the  resting-place  of  a  fragment,  and  if 
80,  it  should  be  drawn  to  the  margin  of  the  cornea,  and  extracted  through 
an  incision  in  that  region,  either  by  the  forceps  or  magnet,  at  the  option  of 
the  operator,  who  should  bear  in  mind  the  importance  of  keeping  the 
masnet  in  close  proximity  to  the  metal  to  be  extracted  if  forceps  are 
used,  in  order  that  the  fragments  may  not  be  loet  by  means  of  the  forcepa 
elippit^. 


HETHOD  OF  fJBlSQ  THE  McINTOSH  EYE  UAONET. 

The  patient  ihould  be  auited  la  a  good  light,  and,  as  a  rule,  the  eyellda  ahoold  be  kept 
flu  apart,  and  the  eyeball  Hied.  Fine  paRlples  of  metal  lying  on  the  conjunctiva  cao 
QMUkUf  be  picked  off  by  the  magnet  nitb  the  greateat  ttclUir  by  tbe  method  shown  above. 

One  important  point  in  regard  to  all  indstons  made  for  the  entrance 
of  the  magnet  and  the  removal  of  a  foreign  body  from  the  eye,  is  that 
(he  cut  tkouid  be  not  one  with  parallel  edgeg,  but  T-ikaped;  as,  in  the  former 
case,  when  the  extraction  of  the  foreign  body  takes  place,  it  is  invari- 
«bly  stripped  off  the  end  of  the  magnet,  and  is  retained  at  the  site 
of  the  wound,  or  drops  into  the  interior  of  the  eye.  This  is  a  foregone 
oondoaion  unless  the  lips  of  the  wound  be  held  apart,  and  no  amount 
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oi  skill  or  carefulness  upon  the  part  of  the  operator  can  guard  against  it 
unless  the  incision  is  of  the  above-mentioned  shape. — [Dr.  Bradford.]  * 

THE    EAR. 

The  difference  of  opinion  among  writers  in  regard  to  the 
relative  value  of  the  different  forms  of  electricity  in  the  treat- 
ment  of  diseases  of  the  ear  is  greater  than  in  regard  to  any 
other  part  of  the  body.  The  difficulty  of  localizing  a  current 
in  the  ear  is  the  probable  cause  of  the  difference  in  results 
obtained. 

Gftlrani^m.  Brenner  claims  that  the  fkradic  current,  while 
it  is  capable  of  producing  unpleasant  effects  upon  the  ner>-es 
of  sensation,  does  not  produce  any  effect  upon  the  nerves  of 
special  sense :  therefore  the  galvanic  current  only  is  of  value  in 
restoring  sensitiveness  to  the  nerve  of  hearing. 

Jui radium.  Tlie  application  of  a  faradic  current  within  the 
ear  gives  rise  to  an  unpleasant  metallic  taste  <m  the  corre- 
sponding side  of  the  tongue,  and  an  increased  flow  of  saliva, 
and  aceon^ling  to  some  observers,  a  rojiring  or  rushing  sound 
in  the  ear,  vinth  a  tickling  or  prickling  that  may  become 
unendurable  by  increasing  the  current.  In  aises  of  congestion 
of  the  middle  ear,  electricity  is  liable  to  aggravate  the  con- 
gestion. 

THE    DISEASES    IX    WHICH    ELECTRICITY    HAS   BEEX    EMPLOTED. 

Chronic  suppuration  of  the  ear.    Relaxation  of  the  auricle. 
Indammation  of  the  drum.  Stricture  of  the  Eustachian  canaL 

Nervous  deafne^ft?^  Tinnitus  annum. 

Methoi>s  of  Applyixg  Electricity  tv>  the  Ear. — Pur}inke+ 
observeii  that  a  currv^nt  st»nt  thrvnigh  K>th  ears  at  once  causes 
fullness  of  the   head  and  ^ueral  dizziness.     Benedict  recoin- 


•  Msts?.  Evo  and  E^r  Hvvspittd. 


ELECTBOTHERAPEUTI08.  297 

mends  one  electrode  applied  in  or  over  the  ear,  and  the  other 
held  in  the  patient's  hand  to  interpose  the  resistance  of  the 
arm. 

Beard  and  Rockwell  describe  two  methods  which  they  term  — 
1.   The  internal.     2.    The  external. 

The  internal  method  consists  of  the  application  of  electricity 
directly  to  the  tympanum.  This  may  be  accomplished  by  filling 
the  auditory  canal  with  warm  salt  and  water  and  introducing  the 
electrode  into  the  water.  The  opposing  electrode  may  be  placed 
at  some  distant  portion  of  the  body  or  may  be  applied  to  the 
orifice  of  the  Eustachian  tube. 

The  external  method.  Press  one  electrode  firmlv  on  the 
tragus,  the  other  electrode  being  held  in  the  hand  of  the 
opposite  side.  The  ear  may  be  filled  with  warm  water, 
although  it  is  not  necessary.  In  regard  to  this  method  Beard 
and  Rockwell  say :  "  We  have  used  it  for  several  years 
with  both  the  galvanic  and  faradic  currents,  and  prefer  it  for 
all  cases,  except  when  it  is  desired  to  act  directly  on  the 
inflamed  surfa^ces  of  the  drum^  or  middle  ear.  It  is  far  less 
painful,  and  more  satisfactory  than  the  internal  method.  It 
may  be  used  on  the  most  sensitive  children  who  would  rebel 
against  the  internal  method,  however  skillfully  employed.  The 
sitting  should  not  usually  be  more  than  five  or  ten  minutes, 
and  in  some  cases  even  less,  especially  if  the  galvanic  current 
be  employed." 

Chronic  Suppuration  of  the  Ear. — Galvanism.  A  very 
mild  galvanic  current  may  be  used  to  change  the  nature  of  the 
secretion.  If  the  reaction  is  acid,  introduce  the  negative  pole ; 
if  alkaline,  the  positive,  the  alternate  electrode  being  held  in 
the  hand  of  the  patient. 

Infulmmation  of  the  Drum.  A  rheostat  should  be  in  the 
circuit  when  a  galvanic  current  is  employed  in  a  case  of  this 
kind.     The  positive  may  be  applied  to  the  ear,  and  the  nega- 


tive  to  the  hand-     Oniy  tro  or  thtee  eella  shoald  be  ineladed 
in  the  drctiit 

XERrors  Dkatsess. — J^aradism.  M.  Dochenne  oneceeded 
in  coriog,  almost  entirelT,  one  child  bom  deaf  and  dumb.  The 
CTurent  within  the  external  ear  was  sent  throogb  warm  water, 
and  a  sponge  electrode  placed  at  the  nape  of  the  neck.  He 
used  »  rerr  mild  raradic  current  for  a  few  minutes  at  a  time^ 
He  repealed  this  treatment  id  a  large  nnmber  of  cases,  with 
almost  as  manr  &ilares  as  BQccesses,  bat  his  experience  in 
ameliorating  rases  of  nervoos  deafiiess,  whidi  had  prerioiisly 
been  regarded  as  incnnble,  were  soch  as  to  show  that  tieo- 
tridtT  i5  of  considerable  value,  and  its  appIicatioQ  ^oald  be 
tried  in  these  cases. 


EAK  EUECntOKS. 


TUi  riHtmde  « 


Dr.  Edward  C.  Mann  *  reports  an  inteiv$tiug  case  of  blind- 
ness and  dt'Atiiess  resulting  from  cervbro-spinal  meningitis, 
snceessfiillT  treated  by  him  vrilh  tlie  galvanic  cnirenL 

Peatxes*  cArsKDBT  MrscTuut  Pjulvltsis. — Juandimt.  Dr. 
Woakes  -*-    bolieves    that   nmsoular   {taralysis   is   ao    unpattaot 

•  L.*dn  J!<^:  Ilmii^  Mrd.  «1  Mm.  l\aJu4apt.  VoL  VIL  Put  1 
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fartor  in  cansing  deafness  in  adult  life.  Such  cases  will  be 
benefited  by  a  mild  faradic  current  applied  to  the  paralyzed 
muscles,  the  positive  electrode  being  placed  at  the  insertion 
and  the  negative  at  the  origin  of  the  mnacles.  Ducbemie's 
Points  are  convenient  electrodes  for  this  purpose. 


EAR  ELECTRODE  IN  SITD. 

After  the  mt  elMtrode  la  Introduced  Ibe  ipiiog  li  leleaaed.  Die*  baek  knd  leavM  ■ 
CDlnmii  of  water  Interpoicd  between  It  and  the  drum  of  Ibe  e*r.  TtiCi  carreut  flrom  the 
battery  pusei  through  the  iprlng  and  columu  of  waler  to  the  eai.  In  the  lUuslration 
the  alternate  pole  Is  held  on  tba  nape  of  the  neck  b;  the  neck  electrode  already 
de«»lbed. 

Dilatation  of  the  Eitbtachian  Canal. — Electrolysis.  Mons. 
J.  Mercie*  has  been  applying  with  success  electrolysis  in  dilatation 
of  the  Eustachian  tube.  He  first  introduces  an  ordinary  Eusta- 
chian catheter,  and  passes  tlirough  it  a  tine  bougie  while  the 
patient  pronounces  the  syllable  mi,  and  allows  it  to  remain 
in  position  five  or  ten  minutes.  This  process  is  repeated  from 
day  to  day  until  it  has  been  found  that  the  apund  has  reached 
the  middle  ear.  When  tlie  tube  has  been  dilated  to  this  extent, 
the  elastic  sound  is  replaced  by  a  flexible  metal  one  connected 
with  the  negative  pole  of  a  galvanic  battery,  while  a  tuft  of 
vet  sponge,  connected  witli  the  positive  pole,  is  placed  in  the 

'tm.  dc  nterap. 
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external  auditory  canal.  This  procedure  is  unaccompanied  by 
any  danger  if  the  current  is  weak  and  great  care  is  exercised 
in  inserting  the  metal  sound.  Although  it  has  not  been  very 
frequently  employed,  the  success  was  such  in  those  instances 
as  to  encourage  its  subsequent  use. 


Fio.  98. 

DOUBLE  EAR  ELECTRODE. 

Thta  electrode  is  fonned  of  two  curved  insulated  metallic  rods,  terminating  in  smaU 
^mnge  cups.  One  ot  the  curved  rods  is  listened  to  a  binding  post,  and  the  other  sUdes 
through  it,  so  as  to  adjust  the  electrode  to  heads  of  different  size,  and  can  be  fastened  at 
any  point  by  a  thumbscrew ;  the  sponge  cups  may  be  separated  S]^  inches.  The  sponge 
is  securely  fastened  to  prevent  its  being  left  in  the  ear ;  but  it  can  be  removed  and 
replaced  in  a  moment,  so  that  there  is  no  necessity  for  using  the  same  sponge  ondifi)STent 
patients.  This  electrode  conveys  the  current  ttom.  one  pole  of  the  battery  equally  to  both 
ears:  the  other  pole  may  be  located  on  the  neck  or  in  the  hand. 

Deafness  from  Aural  Catarrh.  Dr.  II.  Campbell  *  recom- 
mends a  galvanic  current  for  the  cure  of  accumulations  of 
mucus  in  the  middle  ear,  which  are  caused  bv  aural  catarrh 
and  followed  by  deafness.  lie  introduces  a  catheter,  as  already 
described,  injects  a  little  warm  water,  then  inserts  a  metal  wire 
through  it,  and  applies  a  gentle  current  to  decompose  the  water. 
He  claims  that  the  condition  of  the  mucous  membrane  is  80 
altered  that  there  is  no  tendency  to  a  relapse. 


Fig.  99. 


SMALL  AURAL  AND  NWSAL  ELECTRODE. 
Leujrth,  4\  in. 

This  is  simply  a  nickel-plated  n>d.  terminating;  at  one  end  in  a  screw  that  fits  the 
universal  handle,  and  at  the  other  in  a  n.>Uirl»eneil  jH>ini,  to  which  bits  of  sponge  or  lint 
maybe  sei'urely  faslenevl.  It  is  u^'t'ul  in  KK'tilizin^  the  current  either  within  the  ear  or 
ncwe.  since  it  may  be  inlrvHluctHl  thnnmh  a  ruW>er  tube,  and  the  extent  of  contact  with 
the  tisiiues  Ik.*  limitixl  to  a  siiuile  jH^int  if  de^ir\^l. 

Tinnitus  Aukium.-  </«^/«vf/i/.s7/i.  Xoises  in  the  ear  mav  fire- 
quently  bo  n^liovod,  even  when  dependent  upon  disease  of  the 


ELECTROTHERAPEUnCS.  301 

brain,  by  a  very  mild  g<ilvanic  current.  A  rheostat  should  be 
included  in  the  circuit ;  the  direction  of  the  current  cannot  be 
definitely  stated,  for  in  some  cases  the  positive,  and  in  others 
the  negative,  gives  most  relief.  As  a  rule,  the  positive  is  found 
to  be  more  quieting  and  the  negative  more  stimulating  in 
diseases  of  the  ear. 

THE   NOSE. 

Oahanimi  produces  an  impression  upon  the  olfactory  nerve 
which  is  followed  by  giddiness  and  a  peculiar  acid  odor. 
During  and  immediately  after  the  passage  of  the  current,  it 
is  impossible  to  sneeze.  Meyer  noticed  that  when  the  nega- 
tive pole  is  applied  within  the  nose  and  the  positive  to  the  hand 
or  back  of  the  neck,  there  is  an  increased  mucous  secretion  as 
well  as  a  prickling,  stinging  sensation  in  the  nose,  and  an 
alkaline  taste  on  the  tongue.  By  reversing  the  current  there 
was  a  sour  taste  on  the  tongue. 

Faradism  and  Franldinism  produce  a  stimulating  effect 
when  carried  directly  to  the  mucous  lining  of  the  nose,  and 
frequently  are  accompanied  by  sneezing. 

Diaeases  in  which  el^tricity  has  been  employed  : 

Loss  of  smell  (anosmia),  Coryza, 

Catarrh,  Polypi. 

Obliteration  of  nasal  duct, 

The  manner  in  which  electricity  produces  a  favorable  effect 
upon  mucous  membranes,  whether  of  the  eye,  ear,  throat,  or 
other  passages,  is  explained  by  the  language  which  Stellwag 
used  in  describing  the  effect  of  irritants  upon  mucous  inflamma- 
tions : 

The  irritation  which  they  set  up  in  the  sensory  nerves  being  carried 
over  to  the  vaso-motor  nerves  may  cause  a  contraction  of  the  calibre  of 
the  vessels,  when  they  are  in  a  condition  of  relaxation.  This  is  done 
by  the  excitation  and  invigoration  of  the  atomic  muscular  fibers.  The 
resolution  of  inflammation  is  favored  by  the  lessening  or  removal  of  the 
eongestion,  which  is  one  of  the  causes  of  the  unfavorable  course. 
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Loss  OF  SicELL. — Faradvmt,  A  moist  sponge  electrode  is 
placed  over  the  nape  of  the  neck,  and  a  nasal  electrode  (Fig.  100) 
carries  the  current  to  all  parts  of  the  nasal  passages  A  gentle 
current  should  be  employed,  and  shocks  should  be  avoided  ; 
therefore  it  is  advisable  to  locate  the  electrodes  before  completing 
the  circuit  Another  method  is  to  apply  a  powerful  current  on 
each  side  of  the  bridge  of  the  nose,  near  the  eyes.  Repeat 
daily. 

Galvanism.  The  nasal  electrode  is  employed  to  carry  the 
negative  current  into  the  nose  to  the  branches  of  the  cerebral 
nerves,  while  the  positive  is  placed  on  the  cheek  and  the  cur- 
rent continued  for  five  minutes.  It  must  not  be  strong  enough 
to  produce  flashes  or  other  unpleasant  eflcct  upon  the  optic 
nerve. 

Catarrh. — Faradisra,  A  mild  fisu-adic  current  applied 
through  electrodes  located  respectively  on  the  nape  of  the 
neck  and  bridge  of  the  nose,  for  about  five  minutes,  re- 
peated daily,  or  twice  daily,  relieves  the  disagreeable  sensa- 
tion  attending  both   catarrh    and   corvza. 

Galvanism,  The  same  rule  applies  in  this  case  as  m  other 
applications  of  galvanism.  When  an  irritable  condition  of  the 
mucous  lining  exists,  aj)ply  the  positive  through  a  moist  sponge 
(see  Fig.  99),  and  the  negative  at  a  distant  point,  as  the  palm 
of  the  hand.  When  a  debilitated  condition  exists,  which  needs 
stimulating,  apply  the  negative  current  through  the  metal- 
tipped  nasal  electrode  directly  to  the  membrane,  and  the  posi- 
tive through  a  large  sponge,  located  on  the  cheek.  When  the 
nature  of  the  secretions  need  changing,  it  should  be  remem- 
bered that  acids  are  set  free  at  the  positive  and  alkalies  at  the 
negative  pole. 

GalvanchCautei'y,  In  cases  which  have  undergone  great 
structural    change.    Dr.    Pipino*    recommends    galvano-cautery 

•Dr.  W.  C.  Piplno,  of  St.  Louis  i,St.  Louis  Mtdicul  ami  Surgical  Joumal.lSSl). 
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for  the  removal  of  liypertrophied  tissnes.  The  cicatricial  con- 
tractioD  of  the  tissues  from  the  heated  wires  deprives  it  of  its 
erectile  nature,  removes  the  obstruction,  allowing  the  free  pas- 
sage of  air  throngh  the  nose. 

He  cautions  against  mistaking  deflection  of  the  septum  to 
the  right  or  left  for  hypertrophy  of  membrane  covering  it. 

Since  Dr.  Wm.  Meyer's  effort  to  direct  the  attention  of  the 
profession  to  the  frequency  of  the  hypertropLied  glandular 
tissue  in  the  posterior  nasal  region,  and  its  influence  in  the 
production  of  organic  and  functional  changes  in  the  conditions 
and  uses  of  the  upper  air  passages,  ijaJvorto-cantery  has  fre- 
quently been  employed  to  remedy  the  condition.  Dr.  R,  P, 
Lincoln,  of  New  York,  has  reported,  through  the  Medical 
Hecord,  a  number  of  cases  in  which  this  operation,  aided  by 
therapeutical  measures,  has  relieved  hoarseness,  cough,  defective 
enunciation,  and  in  a  few  instances,  a  "growing  stupidity," 
evidently  due  to  long  obstruction  of  the  nasal  passages. 


i^ 


NASAL  ELECTRODE. 

Length,  f>  InchM. 

The  Dual  e1«otrode  la  an  Insulated  metal  rod.  lermlttatlag  In  an  unlniulsied  nieket- 
.  Its  tire  anil  Bbape  adapt  it  la  cmductlng  the  ciinvnt  elLhcr  to  the  anterlnr  or 
posterior  naaal  pHasage,  when  oleetriclty  is  to  be  tocaliied.  Tiiu  imB  ebown  In  Fig.  99  In  to 
be  preftpned  when  the  cuttent  la  lo  be  ailTuBcd  over  a  larger  apace. 

NAflo-PuARYNGF;AL  Poi.TPi. — ElectxolijsiB.  Dr.  Bruna*  has 
snccessfully  employed  the  galvanic  current  to  destroy  these 
tnmors.  He  considers  that  this  operation  should  he  tried 
betbre  proceeding  to  a  more  serious  operation.  There  is  no 
risk  of  bleeding,  no  danger,  and  very  little  liability  to  a  relapM 
after  electrolysis. 

•Berliner  KUnljcbe  Wochenachrtft. 
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Fungoid  Growths  are  also  removed  by  electrolysis  when 
accessible.  Galvano-cautery  is,  however,  the  most  radical  meas- 
ure for  the  removal  of  polypi,  granulations,  and  all  foreign 
growths  from  the  nose. 

Closure  of  the  Nasal  Duct. — Electrolysis.  Dr.  Tripier 
has  successfully  operated  for  obliteration  of  the  nasal  duct 
The  probe  should  be  insulated,  except  at  the  point,  and  con- 
nected with  the  negative  pole  of  the  battery.  Only  a  few 
cells  will  be  required. 

THE   MOUTH. 

Oalvanism.  The  sensation  of  taste  can  be  excited  only  by 
the  galvanic  current.  One  electrode  placed  against  each  cheek 
produces  a  strong  metallic  taste,  when  the  galvanic  circuit  is 
complete.  The  positive  at  the  sacrum  and  the  negative  at  the 
nape  of  the  neck  will  frequently  cause  a  metallic  taste  in  the 
mouth ;  applied  directly  to  the  tongue,  the  galvanic  current  not 
only  excites  the  sense  of  taste,  but  the  optic  nerve  also,  pro- 
ducing flashes  of  light.  Whatever  has  a  tendency  to  blunt  the 
sensibility  of  the  tongue,  such  as  acids,  pepper,  liquor,  etc., 
diminishes  the  eflbct  of  galvanism. 

FrarUdinmix  aflects  but  slightly  the  nerves  of  special  sense. 

Faradism  produces  pain  and  muscular  contractions,  but  no 
taste. 

Electricity  has  jjekn  employed  for 

Paralysis  of  the  tongue,        Toothache, 

Loss  of  taste.  Extraction  of  teeth, 

Tumors  in  the  mouth,  Removal  of  the  tongue. 

Paralysis  of  the  Tongue  usually  accompanies  paralysis  of 
other  parts,  and  may  depend  upon  disease  of  the  brain,  in  which 
case  caution  should  be  exercised  in  applying  electricity,  that 
retlex  action  be  not  set  up  with  unfortunate  results.  After 
paralysis  lias  existed  some  time,  or  when  not  of  central  origin. 
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electricity  may  be  applied  as  follows :  A  tongue  plate  (Fig.  101) 
connected  with  the  negative  pole  is  placed  on  the  tongue,  and 
a  sponge  electrode  (Fig.  108)  pressed  firmly  upward,  beneath 
the  lower  jaw  on  one  side  of  the  oesophagus,  when  the  paralysis 
is  confined  to  one  half  of  the  tongue ;  if  both  halves  are 
affected,  divide  the  positive  current  by  a  bifurcated  cord  between 
two  electrodes,  and  locate  them  on  each  side  of  the  oesophagus. 
Another  method  is  to  locate  one  electrode  on  the  tongue  and 
the  other  at  the  nape  of  the  neck.  If  the  faradic  current 
does  not  produce  contractions  of  the  tongue,  employ  the  inter- 
rupted gal/oanic  current,  taking  care  not  to  use  it  of  such  a 
strength  as  to  unpleasantly  affect  the  optic  nerve. 


Fio.  lOL 

TONGUE  PLATE. 
Length,  5  inches. 

The  stem  of  this  electrode  ia  insulated,  and  the  uninsulated  portion  is  nickel-plated. 

Loss  OF  Taste  is  usually  due  to  an  affection  of  the  third 
branch  of  the  fifth  nerve,  or  the  glosso-])haryngeal  nerve,  or 
the  chorda  tympani.  GaJ/vanism.  Locate  the  negative  elec- 
trode on  the  tongue,  and  the  positive  at  the  nape  of  the  neck, 
beneath  the  jaw  or  below  the  ear.  Faradisvi,  When  loss  ot 
taste  is  due  to  an  affection  of  the  chorda  tympani,  one  electrode 
may  be  placed  on  the  tongue  and  the  other  within  the  ear 
against  the  drum  ;  this  not  only  excites  a  sensation  of  taste, 
but  produces  an  abundant  flow  of  saliva.  A  very  mild  current 
should  be  employed  with  a  rheostat  in  the  circuit,  not  to  exceed 
two  or  three  minutes. 

TooTiLvcHE.     FrankLiniinn  was  formerly  much  used  to  relieve 
toothache.     The  patient  was  insulated,  charged  witli  electricity, 
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and  sparks  drawn  from  around  the  affected  tooth.  Sometimes 
the  operator  was  insulated  and  charged,  then  directed  the  charge 
to  the  tooth  of  the  patient  through  the  finger. 

GahMnhm^  applied  through  a  suitable  dental  electrode 
(Fig.  102),  will  frequently  relieve  i)ain  by  putting  the  nerve  in 
a  state  of  anelectrotonus,  the  positive  current  being  directed  to 
the  to<^>th  and  the  negative  electrode  being  held  in  the  hand. 
Five  to  ten  minutes  are  usually  sufficient  for  one  application, 
and  a  mild  current  should  be  used ;  it  may  be  repeated  two 
or  three  times  daily.  When  there  is  swelling  and  threatened 
suppuration,  the  negative  pole  applied  to  it  and  the  positive 
on  some  distant  part  is  said  to  be  a  preventive.  The  current 
should  be  continued  from  ten  to  fifteen  minutes,  as  strong  as 
can  be  borne  without  exciting  the  optic  nerve. 


Fig.  102, 

DENTAL  ELECTRODE. 
Length,  horizontal,  5  inches.    Vertical  length,  1  inch. 

Thi«  oonslsts  of  an  Insulated  metal  rod  terminating  in  a  nickel-plated  point,  by 
means  of  which  a  current  may  be  localized  upon  a  nerve  or  motor  point 

Far<idi4sm.  A  faradic  current  will  sometimes  relieve  the 
pain  instantly.  The  current  is  conducted  to  the  tooth  through 
the  dental  electrode,  and  the  alternate  pole  applied  at  the 
nape  of  the  neck.  If  a  mild  current  for  a  few  minutes  does 
not  relieve,  it  is  useless  to  repeat  it.  The  faradic  cuirent  ap- 
plied through  a  sponge  which  covers  the  tooth  and  gum  is 
als^)  creilited  with  preventing  suppuration,  and  reducing  swelling 
about  a  diseased  tooth. 

Extraction  of  Teeth.  The  faradic  current  has  been  em- 
ployed to  lessen  the  pain  attending  extraction  of  teeth.  It 
seems  to  benumb  the  nerve,  in  a  measure.  The  patient  holds 
tlie   uninsulated    portion   of  one   electi*ode  in   the  hand  while 
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the  forceps  are  made  the  other  electrode,  being  joined  to  the 

conducting  cord  by  a  suitable   connector.  When   the   forceps 
grasp  the  tooth  the  circuit  is  completed. 


UETHOD  or  EMPLOYING  ELECTfilCITY  IM  XXTBAUTiSO  TEETH. 

Tbe  dental  b*»ery  here  ihowc  la  operated  b;  a  Grenet  ceU.  It  on  be  nied  with 
Boy  other  form  of  celL  A  atrong  sccondur  cnneat  li  feqolied.  The  melbod  of  omi- 
plettDi  Iba  clrcaU  !■  ■utBclentlr  obvloui  wlthiHiI  farther  eipUnatlOD. 

TcuoBs  IN  THE  MocTH.  — EltxtrolijsU.  Small  vascnlar 
growtlis  may  be  effectually  destroyed  by  electi-olysis.  Tlie 
dispersion  of  tumors  is  sometimes  brought  about  by  passing  z 
mild  galvanic  current  through  them  from  ten  to  fifteen  minutes 
at  a  time,  the  positive  being  applied  direct  and  the  negative 
at  some  indifferent  point.  J^aradimti.  It  has  been  claimed 
that  the  faradic  current  is  capable  of  exciting  absorption  of 
growths  within  the  mouth,  even  when  of  a  bony  nature  (osteo- 
sarcoma). Galvano-cantcry  fumislics  the  most  satisfactoiy 
method  of  removing  these  foreign  growths. 

Kehoval  of  TiiE  ToNOCE.  —  Oalvano-cavteiy.  By  this 
method  all  hemorrhage  may  be  avoided.  It  is  considered  the 
most  effectual  method  of  eradicating  cancer  of  the  tongue. 
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Mr.  Errant*  recommends  this  prooednre :  Isolate  the 
growth  bv  introdnction  of  carved  needles  beneath  the  base,  fix 
the  mouth  open  with  a  gag,  draw  the  tongue  forward  by  a 
tongne  forceps  or  a  ligature  parsed  through  the  tip  of  the 
tongue.  The  cautery  loop  is  passed  around  the  base  of  the 
disease,  behind  the  pins,  and  gradually  tightened,  the  drcoit 
being  complete  as  soon  as  the  loop  has  been  adjusted,  but  not 
sooner.  The  wire  must  not  be  heated  beyond  a  dull  red.  and 
the  drawing  up  of  the  loop  should  be  done  very  slowly. 
Hemorrhage  never  occurs  unless  the  wire  has  been  used  at 
too  high  a  temperature,  or  has  been  tightened  too  rapidly. 

Always  bear  in  mind  that  the  strength  of  the  current  should 
be  diminished  as  the  loop  grows  smaller.     See  p.  168. 


DENTAL  0>XXECTOR. 
Lenctb.  IS  io-    ^lot,  S-16  bj  '4  tn. 

THE    PHARYXX    AXD    LARYNX. 

Electricity  may  be  applied  to  the  treatment  of  diseases  of  the 
throat  in  three  ways  :  1.  Intemiilly,  by  placing  one  or  both  elec- 
tr«  Mies  directly  on  the  disease*.!  tissues.  2.  Externally,  by  placing 
one  electn.>de  on  the  neck  in  r'nmt  of  the  larynx,  and  doti^ing 
the  cia^uit  by  placing  the  other  on  the  nape  of  the  neck,  or  on 
tiie  sides  aloiiir  tiie  inner  maririn  of  the  stem«.>-cleido-mastoid 
muscle.  3.  Thrt^ugh  the  nerves^  distributed  to  the  pharynx  and 
larvnx. 


•Of  «.Juy<  lUvpiULL 
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Caution.  lu  all  applications  of  electricity  about  the  neck, 
the  operator  should  be  very  careful,  when  the  electrodes  are  lo- 
cated over  the  pneumogastric  nerve,  to  use  a  very  mild  current 
A  rheostat  in  the  circuit  is  advisable.  Prolonged  syncope  is 
sometimes  produced,  and  other  exceedingly  alarming  symptoms. 
Several  observers  have  reported  accidents  of  this  kind,  which 
may  also  result  from  the  accidental  displacement  of  electrodes 
applied  within  the  throat ;  with  care,  however,  the  current  may 
be  safely  applied  to  this  nerve,  and  with  advantage  in  disorders 
of  parts  to  which  its  branches  are  distributed. 

Diseases  in  which  etectmcity  has  proven  useful  i 


Ansemia, 
Enlar^d  tonsils, 
Clergyman's  sore  throat, 
H3rper8esthe8ia 


Spasm  of  glottis, 

Loss  of  voice  (aphonia), 

Paralysis, 

Nervous  cough. 


Fig.  106. 

SPONGE-TIPPED  LARYNGEAL  ELECTRODE. 
Length,  8^^  inches. 

Tblt  consistB  of  an  insulated  stem,  to  which,  by  a  simple  device,  a  piece  of  sponge, 
or  absorbent  cotton,  may  be  fastened  securely.  It  is  removable,  and  can  be  exchanged 
in  an  instant.  By  using  a  very  small  piece  of  wot  sponge,  a  current  may  Ue  localized 
almost  as  closely  as  with  electrode  in  Fig.  106,  and  with  less  pain  or  irritation  If  a 
comparatively  large  piece  of  sponge  is  used,  the  current  may  be  distributed  over  a 
larger  surface,  which  is  sometimes  advantageous.  By  warming  the  insulated  covering 
of  the  stem  over  a  lamp,  it  may  be  bent  in  suitable  shape  to  carry  a  current  to  the 
posterior  narcs. 

Anemia  of  the  throat  usually  accompanies  general  debility, 
and  is  improved  by  general  electrizations,  and  such  other  thera- 
peutical measures  as  improve  the  strength  of  the  patient.  Faror 
dism  may  be  applied  directly  within  the  throat  through  the  moist 
sponge-tipped  electrode  (Fig.  105)  connected  with  the  negative 
pole,  the  positive  being  placed  on  the  nape  of  the  neck,  or  on 
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the  sides  along  the  inner  margin  of  the  stemo-cleido-mastoid 
muscle.  The  interrupted  gahninic  current  sometimes  proves 
serviceable,  the  poles  being  located  as  before. 

Inflammation  and  iRRrrATiON  of  the  throat,  on  the  contrary, 
are  beneiited  by  applying  the  positive  directly  to  the  tissues 
and  the  negative  outside.  This  is  not,  however,' an  invariable 
rule  ;  very  much  depends  upon  the  other  conditions  present  in  a 
given  case.  According  to  Ziemssen,  hypersemia  of  tissues  is 
more  lasting  after  a  long  application  of  the  negative  pole, 
while  anemia  follows  a  similar  application  of  the  positive  pole ; 
but  in  either  instance  there  occurs  sooner  or  later  a  reaction, 
followed,  in  favorable  cases,  by  a  normal  condition. 


FlO.  106. 

INTERNAL  LARYNGEAL  ELECTRODE, 
length,  T%  inches. 

This  consiflta  of  a  curved  insulated  stem,  terminating  in  a  niekel-plated  knob,  fat 
localizing  electricity  upon  single  muscles. 

Paralysis  of  the  muscles  of  the  throat  may  give  rise  to 
diflSculty  in  swallowing,  and,  if  the  muscles  of  the  laiynx  are 
involved,  loss  of  voice.  The  metliod  of  applying  electricity  direct 
to  the  affected  muscles  requires  considerable  skill.  The  fauces, 
root  of  the  tongue,  uvula,  etc.,  must  be  avoided,  as  the  slightest 
touch  will  render  them  intolerant  of  treatment  The  electi'ode 
sliown  in  ¥\g.  106  conveys  the  current  direct  to  the  muscle,  while 
the  alternate  one  is  applied  on  the  na|>e  or  sides  of  the  neck. 
McKenzie  and  Ziemssen  recommend  a  double  electrode,  attached 
to  an  interrupting  handle,  by  means  of  which  both  the  posi- 
tive and  negative  poles  are  ap])lied  directly  to  the  paralyzed 
muscles. 

The  reader  who  wishes  to  employ  this  treatment  is  referred  to 
stimdard  works  on  laryngoscopy,  etc.,  for  information  in  regard 
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to  the  delicate  raanipiilations  neceseaiy  to  localize  the  current. 
A  method  which  has  the  merit  of  being  simple,  and  often  quite  as 
efficacious,  is  to  locate  both  electrodes  outside  the  neck,  employ- 
ing a  wire  brush  (Fig,  107)  for  the  one  applied  to  the  sides  of 
the  neck.  Tlie  prognosis  in  these  cnses  is  favorable  when  the 
disease  is  ot  a  purely  functional  character.  If  the  museles  re- 
spond to  stimulation  by  the  /ura die  current,  that  is  tlie  form  of 
electricity  to  employ  ;  if  they  fail  to  respond  to  it,  ga.h>ani»m. 
alone  can  produce  a  curative  effect.  Sometimes  electrization  of 
the  laryngeal  nerves  ia  indicated.  A  reference  to  Figs.  72  and 
73  will  indicate  where  the  electrodes  must  be  located. 


^H  Tbli  Is  CQinpoged  ofi 

^H    MCh  or  which  produces  0 
^1     dnce  retlez  Inducnce,  mi 

divided  current  to  the  deoper  tlssi 


boDdlc  of  stUTmolal  wires,    ltd! 

'parate  liapretstou  an  thv  Ken  (lent 

?l7  touch  the  end  or  the  bniah  t< 

brush  tinnly  oi 


It  In  tbM  caw  the  Iiiiprewlon  produced 


I 


Aphonia. — Faradism.  Robert  Torrance,  L.R.C.P.,*  reports 
a  case  of  five  years'  standing,  the  result  of  an  ulcerated  sore 
thKtat.  All  the  usual  remedial  measures  hud  been  exhausted, 
including  galvanism.  The  cords  were  then  faradizt'd  by  a  double 
electrode  through  wliich  the  current  from  both  poles  was 
localized  at  different  points  on  the  vocal  cords,  and  the  voice  was 
permanently  restored  after  a  number  of  sittings  at  varying  inter- 
vals.    Loss  of  voice  dao  to  paralysis  of  the  recurrent  laryngeal 

■8iu|«on  to  the  Ncwcaatlc-on-Tyne  Throat  aud  Ear  lollrmary. 
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ncrvo  requires  galvanism.  The  motor  points  to  which  the 
current  sliould  be  applied  are  shown  on  Figs.  72  and  73. 
Meyer  rec^ommends  the  electric  moxa  applied  to  the  larynx  in 
these  cases.  Aphonia,  due  to  spasm  of  the  muscles  of  the  throat, 
will  roijuire  a  current  in  an  opposite  direction  to  that  which  is 
indicated  in  paralysis.  Hysterical  aphonia  has  been  cured  by 
everv  form  of  electricity. 

Aphasia.  Tx>ss  of  speech  from  disease  of  the  brain  has  never 
boiMi  curoil  by  electricity,  according  to  Althaus.  On  the  contrary, 
Arthius  claims  to  have  relieved  it  in  a  measure  by  franklinism, 
ailministoroii  dailv  in  the  form  of  electric  bath,  for  two  or  three 
months. 


Fro.  108. 

EXTERNAL  LARYNGEAL  ELECTRODE. 
Length.  \\  inchei^    Diameter  of  Dtor^  \\  inehea. 

Thi»  if  a  ctirrM  in^alated  ciem,  tenninatinf  in  a  sponc^e-forered  disc,  derigned  te 
application  aNnn  the  neck. 

Stamukrino,  Tlio  galvanic  current  applied  two  or  three 
timos  a  week  thn>iurh  the  larvngi>al  nerves  accompanied  by  daily 
g\ninastio  eiiucation  of  the  Vixsul  and  respiratory  organs,  has 
pn^Hxi  of  bonotit 

T»v  TVvst^R  Pal  ATI  mav  K^  olcotrizoii  bv  a  larvnseal  elee- 
mvio  ap]^lii\i  over  the  i^^^ft  jvalato  in  the  vvursse  of  the  muscle  on 
ojioVi  sivio  ol  the  urula^  the  circuit  K^ng  i\'>nipleted  by  placing  the 
otVi<  r  ]m1o  ovor  tho  ms:>toid  pnv\^s:>  of  that  siiio  ci^rresponding  to 
:h<  side  of  tho  ]VilAto  n>  which  tho  lar}ng\>al  electrode  is  being 

N>Kv.x-5  CovcOi  ANi^  HvrvK.v^invsiA  n"ju;!5T  bo  treated  aooord- 
ir.i:  r.-  xrtTH-r;*'.  v>rin.-iv»]i'Ss  as  ;\lnvui^  iios^^riK^i.     Central  ffalvani- 


*  *  tf\it'     i  :t r-  I 


ELECTRO-THERAPEUTICS.  313 

Whooping-Cough.  Dr.  Beard  made  a  series  of  experiments 
in  the  Sheltering  Arms  Institution  in  Brooklyn,  and  Dr.  Rockwell 
in  private  practice,  in  the  treatment  of  this  disease  by  electricity. 
The  method  which  proved  most  successful  was  central  galvaniza- 
tion. The  paroxysms  were  diminished  in  frequency  and  violence, 
and  in  some  instances  tlie  duration  of  the  disease  was  shortened. 

Hay  Fever.  The  method  of  arresting  this  disease  is  by  gal- 
vanization of  the  pneumogastric  nerve.  The  location  of  the 
electrode  is  shown  in  Fig.  74.  Neftel,  Hutchinson  and  Beard 
and  Rockwell  recommend  this  method.  The  latter  recommend 
as  a  prophylatic  a  prolonged  course  of  central  galvanization  or 
general  faradization.  Caution  should  be  observed,  however,  in 
applying  a  current  to  the  pneumogastric  nerve.     (See  appendix.) 

Spasm  of  the  Glottis.  Central  galvanization  and  faradiza- 
tion of  the  larynx  have  both  been  successfully  employed. 

Dr.  Strassman*  reports  the  case  of  a  boy  eight  years  old  who 
had  with  each  expiration  a  sound  like  that  of  a  dying  animal, 
with  some  tickling  in  the  throat  and  pains  in  the  abdomen.  It 
was  a  constant  crying  about  every  five  minutes.  During  the 
night  there  was  perfect  rest.  The  galvanic  current  cured  him 
completely  after  the  second  sitting. 

Clergyman's  Sore  Throat. — Galvano- Cautery,  When  the 
follicles  of  the  throat  are  enlarged  for  any  length  of  time,  medi- 
cines have  no  effect  upon  them.  The  only  means  of  relief  is  to 
destroy  them,  and  galvano-cautery  is  to  be  preferred  for  this 
purpose,  as  it  is  effectual  and  causes  little  pain. 

The  platinum  point  is  suited  to  this  purpose.  The  operator 
stands  by  the  side  of  the  patient,  whose  head  is  thrown  backward; 
the  tongue  is  depressed  and  each  follicle  cauterized.  It  produces 
a  slight  prickling  only.  The  inflammation  set  up  produces 
cicatrix  and  contraction  of  the  follicle. 


•Berlin  Klin.  Woch. 
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ToNSiLUTis  has  been  reported  relieved  by  the  application 
of  an  electric  current,  but  as  the  articles  describing  the  method 
of  its  application  failed  to  state  what  kind  of  electricity  or  the 
strength  of  current  used,  we  give  but  a  passing  mention. 

Enlarged  tonsils  have  been  reduced  in  some  instances  by 
means  of  a  very  mild  galvanic  current,  the  positive  applied 
direct,  the  negative  externally  to  the  side  of  the  neck.  The 
current  is  better  borne  if  carried  through  a  rheostat.  Fig.  109 
is  an  electrode  of  suitable  shape  to  localize  the  current 


no.  109. 

TONSIL  ELECTRODE 
Leogth,  5  inches.    Diameter  of  cup,  1  inch. 

The  peculiar  curve  of  the  insulated  stem  of  this  electrode  makes  it  poadble  to  apply 
the  nickel-plated  cup  closely  over  the  tonsil,  without  producing  irritation  of  any  other  part 
of  the  pharynx. 

Diphtheria.  The  galvanic  current  has  been  applied  to  change 
the  nature  of  the  secretions,  and  reduce  the  swelling  of  the 
tissues.  Dr.  G.  K.  Smith*  claims  jremarkable  success  in  its 
use.  Diphtheritic  paralysis  affecting  the  muscles  of  the  throat 
has  been  relieved  by  faradism.  For  use  of  galvano-cautery  in 
enlarged  tonsils  and  diphtheria.     (See  appendix.) 

Stricture  of  (Esophagus. — Electrolysis.  Some  cases  of  im- 
passable stricture  of  the  oesophagus  have  been  relieved  by 
electrolysis.  The  electrode  required  is  a  flexible  insulated 
instrument,  terminating  in  a  blunt  olive.  It  is  connected  with 
the  negative  pole  of  the  battery  while  the  positive  electrode  of 
largo  size  is  placed  to  the  left  side  of  the  spine,  at  a  level 
with  the  eighth  or  ninth  rib.  A  mild  current  is  passed  through 
the  circuit  for  two  or  three  minutes.     A  sound  is  then  passed 
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through  the  stricture,  if  possible.  This  can  be  done  after  a 
few  sittings,  if  not  at  first,  and  the  remainder  of  the  treatment 
may  be  by  dilatation,  as  usual.  Dr.  Boeekel  operated  after 
this  plan  on  an  impassable  cicatricial  stricture,  and  after  the 
second  sitting  passed  a  No.  13  sound  through  it ;  after  the 
tenth,  a  No.  16,  and  one  month  later,  No.  19.  Dilatation  was 
kept  up  for  some  time  regularly,  and  afterward  once  a  month. 
Seven  years  later  the  patient  could  himself  pass  a  No.  23. 
He  also  successfully  treated  a  child  for  the  same  diflSculty. 
After  the  first  sitting  he  could  pass  a  urethral  bougie  No.  6, 
and  after  the  second,  a  No.  10.  Afl^r  five  more  sittings,  at 
varying  intervals.  No.  17  passed  the  stricture.  He  recom- 
mends a  weak  current  in  order  to  guard  against  exciting 
inflammation  in  neighboring  parts. 

Tumors,  etc.  GalvaruH^utery  is  especially  adapted  to  the 
removal  of  foreign  growths,  both  benign  and  malignant,  from 

« 

within  the  fauces. 

THE   HEART  AND   LUNGS. 

Electricity  is  believed  to  influence  the  heart  through  the 
nerves,  and  the  lungs  directly  through  the  nerves  and  indirectly 
through  its  action  upon  the  muscles  of  the  chest.  The  pneumo- 
gastric  nerve,  when  stimulated  by  electricity  at  the  right  side 
of  the  neck,  acts  more  energetically  upon  the  heart ;  at  the  left 
side  upon  the  respiratory  movements.  The  cervical  ganglia  and 
the  pneumogastric  nerve  are  the  points  to  which  electricity  should 
be  applied  to  reach  the  heart;  the  twelve  dorsal  ganglia,  the 
phrenic  and  pneumogastric  for  the  lungs.  Faradization  of  the 
pneumogastric  by  a  strong  current,  as  we  have  seen,  arrests  the 
heart's  action.  Prof  Rosenthal  states  that  faradization  of  the 
superior  laryngeal  nerve  arrests  respiration.  Prof.  Von  Ziemssen 
lately  had  a  patient,  a  woman,  aged  forty-six,  who  had  lost  the 
greater  part  of  the  precordial  structures,  exposing  the  heart ;  and 
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he  «5ommenced  a  series  of  experiments  to  determine  the  effects 
of  the  galvanic  and  faradic  currents  respectively  on  that  organ. 
He  distinctly  discovered  that  the  faradic  current  had  no  eifect 
whatever,  while  the  galvanic  current  acted  as  a  powerful 
stimulant.  He  therefore  believes  it  is  useless  in  cases  of  chloro- 
form syncope  to  waste  time  in  applications  of  the  faradic  current, 
as  is  commonly  done. 

Diaeases  of  t/ie  chest  in  which  dectrixAty  has  been  employed : 

Angina  ]>ectoris,  Asphyxia, 

Astlima,  Cardiac  pain, 

Consumption,  Pleuritic  eflHision. 

Angina  Pectoris. — Galvanism.  Dr.  Lowenfeld*  relates  a 
case  of  angina  pectoris  in  which  galvanization  proved  bene- 
ficial. The  patient,  a  man  aged  forty-seven,  was  subject  to 
attacks  of  the  disease  occurring  every  month  or  two.  These 
were  characterized  by  excited  respiration,  oppression,  small, 
frequent  pulse,  sternal  pain  radiating  to  the  left  arm,  and  con- 
vulsive tremors  of  the  limbs,  which  lasted  about  one  hour.  The 
heart  was  normal.  The  constant  current  was  applied  for  one 
minute  to  each  side  of  the  neck,  along  the  course  of  the  pneu- 
mogastric.  The  sense  of  oppression  was  immediately  relieved* 
Ten  such  applications  in  the  course  of  three  weeks  were  fol- 
lowed by  complete  freedom  from  the  attacks  for  more  than 
two  3'ears. 

Faradisrn,  M.  Duchenne  removed  the  pain  during  an  attack 
of  angina  pectoris  in  two  cases  by  applying  one  electrode  over 
each  nipple,  using  a  strong  faradic  current.  Cutaneous  fara- 
dizaticm  at  intervals  completely  removed  the  ancana. 

Asthma. — Faradism.  Dr.  Max  Schaeffer,  of  Bremen,  ad- 
vocates the  treatment  of  asthma  according  to  the  following 
method:  The  morbid  state  upon  which  astlima  depends  may 
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affect — 1.  The  nerve  itself.  2.  The  coverings  of  the  nerve. 
3.  The  tissue  adjacent  to  the  nerve.  He  lays  great  stress  on 
the  last  condition.  Tumors,  sucli  as  nasal  polypi,  hypertrophied 
tonsils,  swollen  cervical  or  bronchial  glands  (temporary  hypor- 
eemia  of  these  glands),  can,  according  to  their  p<isition,  cause 
irritative  pressure  on  nerve-filaments  connected  with  the  respi- 
piratory  centers.  He  found  that  many  of  his  asthmatic  patients 
were  the  subjects  of  nasal  catarrh,  or  pharyngeal  catarrh,  or 
laryngo-tracheal  catarrh.  He  noticed  that  swellings  of  the 
mucous  membranes  of  these  parts  were  attended  with  asthmatic 
paroxysms,  and  patients  would  constantly  refer  the  seat  r)f 
their  discomfort  lower  or  higher  in  the  throat,  according  to 
the  seat  of  the  swelling,  and  he  concludes  that  all  the  symp- 
toms of  asthma  are  symptoms  of  irritation  brought  on  by 
pressiire  on  nerves  which  are  in  connection  with  the  pulmonary 
portion  v)f  the  vagus,  and  especially  in  the  upper  part  of  the 
respiratory  tract — the  pharynx,   larynx  and  trachea. 

He  examines  carefully  the  nose  and  throat,  and  applies  the 
electrodes  according  to  the  seat  of  the  disease.  Usually  the 
two  electrodes  are  placed  on  each  side  of  the  neck  about  f 
of  an  inch  below  the  angle  of  the  jaw,  and  sometimes  a 
little  lower  down  in  front  of  the  stemo-cleido-mastoideus.  The 
current  nmst  be  of  good  strength,  so  that  the  patient  can  feel 
the  stream  go  acn)ss  the  larynx  and  soft  palate.  In  bad  cases 
it  should  be  applied  twice  a  day,  from  fifteen  to  thirty  min- 
utes each  sitting.  He  stiites  that  in  the  most  severe  cases  it 
has  acted    **  like  witchcraft." 

Althaus  advises  faradization  of  the  phrenic  nerve  as  above 
described  in  chronic  cases,  where  the  asthmatic  attack  is  pro- 
longed and  followed  by  bronchial  congestion,  with  insufficient 
expansion  of  thorax  and  im]>erfect  aeration  of  the  blood. 

(inlnnusin.  Asthma  due  to  a  morbid  state  of  the  nerve 
or  its  coverings  is  relieved  by   placing  the  positive  pole  over 
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the  pneumogastric  in  the  left  side  of  the  neck  and  the  negative 
over  the  nape  of  the  neck.  A  very  mild  current  should  be 
employed,  lest  the  heart's  action  be  arrested  or  the  difficulty 
in  breathing  increased.  Asthma  due  to  reflex  action,  of  the 
nerves,  caused  by  disease  of  other  parts  than  those  named, 
cannot  be  permanently  relieved  by  electricity  until  the  disease 
giving  rise  to  it  is  removed.  Habitual  asthma  has  been  greatly 
benefited  by  a  continued  galvanic  current  administered  through 
the  galvanic  belt,  the  positive  pole  being  located  at  the  nape 
of  the  neck  and  the  negative  over  the  stomach.  During  an 
attack,  counter-irritation  over  the  neck  and  upper  part  of  tha 
thorax,  by  means  of  the  wire  brush,  has  proven  of  advantage. 

Franklinmn,  Arthius  states  that  when  asthma  exists  with- 
out organic  lesion,  the  franklinic  electric  bath,  the  patient  being 
seated  upon  an  insulated  platform,  will  cure  it  When  due 
to  catarrh,  electricity  alone  will  not  cure,  but  is  the  surest  means 
to  obtain  a  notable  amelioration  and  to  make  lite  endurable. 
He  advises  an  electrization  for  ten  minutes  daily,  and  in  some 
cases  three  or  four  times  daily,  during  the  paroxysms. 

Consumption. —  Galvanunn.  The  well  known  influence  of  a 
mild  galvjijiic  current  in  relieving  inflamed  and  ulcerated  tissues 
ought  to  make  it  a  valuable  agent  in  alleviating  many  of  the 
distressing  symptoms  accompanying  chronic  disease  of  the  lungs. 
It  is  stated  that  this  effect  is  produced  by  a  current  from  a  very 
few  cells;  only  two  or  three  cells  should  be  used  at  first,  and  not 
continued  beyond  ten  minutes.  One  small  metal  electrode  is 
placed  in  the  depression  behind  the  angle  of  the  lower  jaw,  and 
the  other  over  the  pneumogastric,  near  the  sterno-clavicular 
articulation.  The  effect  is  to  dilate  the  lungs  and  increase  the 
respiratory  movements.  *  It  incroBses  the  expectoration  consider- 
ably at  first,  but  after  a  few  sittings  lessens  it,  unless  there  is 
extensive  softening  and  destruction  of  lung.  The  fever  is 
lessened  and  the  condition  of  the  blood  improves ;  the  appetite 
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returns,  night  sweats  disappear,  and  in  a  few  eases  the  process  of 
repair  begins. 

Faradism.  Bastings,  of  Brussels,  claims  marvelous  results 
from  faradization  of  the  muscles  of  the  chest.  "This  is  not  done 
with  a  view  to  directly  aflfect  the  tuberculous  deposit  at  all,  but, 
by  strengthening  the  muscles  of  the  chest,  to  so  improve  the 
respiratory  power  that  more  ah'  can  be  inspired,  and  so  benefit 
result  to  the  healthy  portion  of  the  lung,  and  indirectly,  through 
better  oxygenation  of  the  blood,  to  a  certain  extent  on  the 
diseased  portion  and  on  tlie  whole  system."  Each  muscle  is 
faradized  for  about  half  a  minute  in  turn,  about  five  minutes 
being  consumed  at  a  sitting.  Prolonged  treatment  was  found 
injuriam.  Dr.  Mcintosh  has  found  the  hot-air  electric  bath 
exceedingly  efficacious  in  allaying  the  distressing  symptoms, 
improving  the  general  health  and  apparently  prolonging  life.  In 
one  remarkable  case,  the  particulars  of  which  cannot  be  given 
for  want  of  space,  it  restored  a  patient  apparently  in  the  last 
stage  of  the  disease  to  a  degree  of  health  that  enabled  him  to 
attend  to  business  for  nearly  two  years  longer.  It  should  be 
added  that  the  treatment  also  included  a  strict  attention  to 
hygiene  and  much  open-air  exercise. 

Asphyxia.  Suspended  animation,  whether  resulting  from 
inhalation  of  chloi'oform  or  coal-gas,  poisoning,  drowning, 
disease,  or  in  new-bom  children,  should  not  be  treated  by 
electricity  alone.  As  an  adjunct  to  other  active  measures 
the  latter  is  invaluable.  It  is  employed  principally  to  stimu- 
late the  heart,  lungs  and  diaphragm  through  the  nerves 
that  supply  them.  Formerly  franklinism  was  used  by  pass- 
ing powerful  shocks  through  the  chest  in  various  direc- 
tions. After  the  discoveiy  of  galvanism  some  physicians 
carried  canes  which  were  ingeniously  contrived  to  inclose  a 
large  number  of  small  elements,  a  vial  of  acid,  a  tiny  cup, 
the  size  of  a  thimble,  in  which  to  mix  the  fluid,  with  connecting 
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wires,  etc.,  complete  for  the  production  of  a  galvanic  current  of 
suflSciont  power  to  relieve  asphyxia. 

Galvanism,  To  produce  respiration,  place  the  negative  pole 
over  the  cartilage  of  the  seventh  rib,  to  bring  it  as  near  as 
possible  to  the  great  head  of  the  diaphragm,  and  apply  the 
positive  to  the  phrenic  nerve  in  the  neck.  Onimus  and  Legros 
recommended  that  the  negative  pole  be  placed  in  the  mouth 
and  the  positive  in  the  rectum,  and  the  current  be  applied 
from  eighteen  or  twenty  cells  continuously,  till  the  heart's 
action  is  quite  re-established.  According  to  Du  Bois,  in  sudden 
syncope  from  chloroform,  the  muscles  of  the  heart  lose  their 
contractility  within  four  minutes,  but  in  suspended  animation 
from  other  causes  they  retain  contractility  for  ten  minutes  ; 
therefore  it  is  advisable  to  apply  electricity  simultaneously 
with  other  measures,  that  no  time  may  be  lost. 

Faradism.  Friedberg*  restored  a  boy,  aged  four,  after  res- 
piration had  ceased,  under  the  influence  of  chloroform,  by 
applying  the  electrodes  over  the  phrenic  nerve  and  diaphragm. 
He  closed  the  circuit  for  one  second  at  a  time  with  regular 
intermissions.  After  ten  such  applicutions  the  child  began  to 
breathe,  when  faradization  was  discontinued  and  methodical 
compression  of  the  abdomen  was  substituted.  In  twenty 
minutes  restoration  was  complete.  One  electrode  may  be 
applied  at  the  nape  of  the  neck  instead  of  over  the  phrenic 
at  the  side.  The  aperator  should  know  the  exact  location 
of  the  motor  point  of  the  pintnic  nen'e  on  the  side  of  the 
necJc^  othervnse  he  is  liable  to  app>hj  the  electrode  over  the 
pneumogastric^  which  may  destroy  the  last  chance  of  restoration, 
(The  reason  for  this  is  explained  under  ''action  of  arrest")  it 
is  better  to  err  on  the  side  of  safety  when  the  motor  points 
are  not  well  known,  and  ])lace  the  electrode  on  the  nape  of 
the  neck,    or  on  the  spine  between   the   shoulder-blades.     By 
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reference  to  Fig.  73  it  may  be  seen  where  to  locate  the  elec- 
trodes over  the  roots  of  those  nerves  that  send  branches  to  the 
heart  and  longs. 

The  following  suggestions  may  be  found  useful  in  these 
cases: 

1.  Do  not  omit  artificial  respiration. 

2.  Use  either  the  faradic  or  interrupted  galvanic  current 
intermittently,  closing  the  circuit  for  one  second,  opening  it  for 
one  second,  and  so  continue,  and  persevere  in  the  application 
until  the  patient  breathes  naturally. 

3.  If  the  muscles  fail  to  respond  to  faradism,  it  will  be 
useless  to  continue  it.  Galvanism  should  be  immediately  sub- 
stituted. 

Nervous  Cardiac  Pain  neai'  the  apex  of  the  heart,  a  common 
and  distressing  symptom,  is  alleviated  by  central  galvanization. 

Chronic  Pleuritic  Effusion.  Dr.  Gunther*  places  the  posi- 
tive pole  over  the  breastbone  and  the  negative  over  the 
effusion.  A  galvanic  current  from  any  number  of  zinc  carbon 
cells  up  to  eighteen  may  be  used,  according  to  the  sensitive- 
ness and  condition  of  the  patient,  to  promote  absorption. 

Paralysis  of  tHE  Muscles  of  the  Diaphragm.  M.  Duchenne 
made  a  special  study  of  this  lesion.  It  consists  in  an  alteration 
of  the  regular  movements  of  the  chest  and  abdomen,  during  in- 
spiration and  expiration,  which  produces  a  short  respiration 
insufficient  for  the  wants  of  the  voice  ;  this  is  not  a  fatal  disease 
of  itself,  because  respiration  is  not  completely  prevented,  but  the 
most  simple  bronchitis  is  able  to  occasion  death  by  suffocation, 
expectoration  being  difficult  and  even  impossible.  The  remedy 
is  electrization  through  the  phrenic  and  cutaneous  nerves;  in 
tlie  latter  case,  to  exert  a  reflex  influence  upon  the  paralyzed 
muscles. 
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DIGESTIVE   ORGANS. 

Action  of  eUctricity  ^ipon  the  mlivary  glands.  Clande  Bei^ 
iiard  states  that  faradization  of  the  lingual  and  auriculo- 
temporal nerves,  the  chorda  tympani  and  posterior  parotideal 
branches  of  tlie  facial  ner\'e  causes  an  abundant  flow  of  saliva, 
while  faradization  of  the  sympathetic  nerve  arrests  salivary 
secretion.  The  current  applied  to  the  drum  of  the  ear  for  the 
purpose  of  stimulating  the  salivary  glands  through  the  chorda 
tj^mpani  should  be  very  mild,  and  should  be  carried  through 
a  rheostat  Gabxinization  applied  only  through  the  sympa- 
thetic nerve  in  the  neck  is  sufficient  to  influence  the  secretion 
in  these  glands. 

The  oiHophngxis,  Faradization  causes  a  contraction  of  both 
the  longitudinal  and  circular  fibres,  and  if  the  current  is  kept 
up  some  time,  the  action  is  not  limited  to  the  part  directly 
operated  upon,  but  proceeds  downward  to  the  stomach.  One 
electrode  may  be  located  over  the  oesophagus  in  front,  and  the 
other,  a  large  moist  sponge,  over  the  middle  and  inferior  cer- 
vicjil  and  upper  dorsal  ganglia.  (See  Fig.  73.)  Galvanization 
of  the  left  pneumogastric  nerve  also  ])roduces  contraction  of  the 
muscles  of  the  oesophagus.  (See  A,  Fig.  74.)  This  action  of 
electricity  upon  the  oesophagus  is  of  value  in  treating  difficulty 
in  swallowing  (dysphagia)  not  duo  to  stricture. 

The  Htotruick  responds  to  electric  stimulus  by  shortening  of 
its  diameter.  When  one  electrode  is  ])laced  over  the  stomach 
in  front,  and  the  other  on  the  spine  in  the  position  to  influence 
the  solar  plexus  (see  N,  Fig.  73),  the  transverse  diameter  is 
shortened.  When  one  electrode  is  placed  at  the  left  over  the 
point  where  the  oesophagus  joins  the  stomach  (cardia),  and  the 
other  at  the  right  where  the  stomach  joins  the  intestinal  canal 
(pylorus),  the  longitudinal  diameter  is  shortened,  but  in  either 
case  the  direction  of  the  movements  is  from  the  cardia  to 
tlie  pylorus. 
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The  Ivoer.  As  a  result  of  very  careftilly  conducted  experi- 
ments, Dr.  Sigrist  *  came  to  the  conclusion  tliat  faradization  of 
the  liver  makes  its  circulation  more  active,  and  consequently 
leads  to  an  increase  of  the  excreted  urea.  In  one  case  the 
amount  of  urea  was  raised  from  18-20  grms.  to  35  grms.,  and  the 
size  of  the  liver  became  perceptibly  larger. 

The  gaUrblddder.  A  current  sent  through  the  point  indi- 
cated by  G,  Fig.  74,  contracts  the  gall-bladder,  and  throws  out 
a  part  of  the  bile  into  the  duodenum. 

The  spleen.  There  is  much  difference  of  opinion  in  regard 
to  the  power  of  electricity  to  produce  contractions  of  this  organ. 
The  experiments  of  Bernard  indicate  that  a  powerful  faradic 
current  does  cause  contractions.  Chvostek  claims  that  he  has 
reduced  enlargement  of  the  spleen,  caused  by  ague,  by  faradi- 
zation of  the  skin  over  this  organ. 

The  intestines.  Peristaltic  action  is  the  term  applied  to  the 
constant  motion  within  the  intestinal  canal.  It  is  due  to  the 
alternate  contraction  of  the  circular  and  longitudinal  fibres; 
the  former  close  the  tube,  while  the  latter  draw  back  the  walls 
of  tlie  tube,  thus  providing  for  the  propulsion  of  the  contents. 
It  takes  place  along  the  whole  digestive  canal  from  the  throat 
to  the  anus,  and  effects  the  forward  motion  of  the  food,  and 
the  expulsion  of  the  undigested  residue. 

This  moticm  can  be  stimulated  by  electricity,  either  by  irri- 
tating some  part  of  the  digestive  canal  directly  or  by  irritating 
the  nerves  supplying  it.  The  most  striking  feature  is  the  slow- 
ness with  which  these  motions  take  place.  Not  only  does  a 
long  time  elapse  after  the  application  of  the  irritant  before  the 
motion  begins,  but  even  if  the  irritation  is  sudden  and  instan- 
taneous, the  motion  excited  at  one  point  passes  along  gradually, 
slowly  increasing  up  to  j^  definite  ])()int,  and  then  gradually 
decreasing.     In    1856   Pfluger  discovered   that  faradization   of 

•  Vrattdi,  1880,  No.  2. 
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those  nerves  that  take  their  rise  from  the  six  lower  dorsal 
ganglia  arrests  the  peristaltic  action  of  tlie  small  intestines. 

According  to  Aldini,  a  feeble  galvanic  current,  applied  by 
means  of  the  positive  pole  in  the  mouth  and  the  negative  in 
the  rectum,  will  cause  contraction  of  the  abdominal  muscles, 
and  the  contents  of  the  bowels  are  propelled  toward  the  rectum. 
The  myiall  intestiiies  are  more  easily  excited  by  electricity  than 
the  colon  or  rectum^  although  the  latter  also  respond  to  elec- 
tric stimulus. 

When  the  electrodes  are  placed  very  near  each  other  on  the 
intestines,  and  afterward  removed,  the  canal  becomes  constricted 
at  the  points  upon  which  the  electrodes  were  applied.  This 
constriction  reaches  its  maximum  a  few  minutes  atler  the  elec- 
trodes have  been  removed,  then  slowly  disappears.  There  is 
at  the  same  time  increased  secretion  of  intestinal  mucus.  The 
contractions  may  be  studied  during  life  in  patients  afflicted 
with  hernia. 

This  practical  fact  in  regard  to  the  action  of  electricity  upon 
the  digestive  organs  should  not  be  lost  sight  of.  T/tose  mus- 
cU^  that  are  not  subject  to  the  will  {involuntary)  are  not  affected 
by  eUctriclty  tintil  a  little  thne  aft^er  they  have  been  acted  upon. 
The  movenumts  excited  by  electricity  continue  for  a  tim^  after 
the  application  ceases^  and  exttmd  in  each  direction  beyond  the 
parts  included  between  the  electrod<fS, 

The  diseases  of  the  digestive  organs  to  which  electricity  has 
been  applied  with  more  or  less  benefit  include  almost  the  entire 
list  of  disorders  that  affect  these  organs ;  the  methods  of  treat- 
ment varying  with  different  operators,  but  may  all  be  included 
under  these  four  divisions  : 

1.  The  aj)plication  of  electricity  to  the  muscles. 

2.  To  the  nerves  of  the  organ  to  be  treated. 

3.  Choniical  changes  produced  by  electrolysis. 

4.  Destruction  of  morbid  tissue  by  galvano-cautery. 
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No  fixed  rule  can  be  given  for  the  selection  of  current,  the 
length  or  direction  of  its  application,  that  can  be  invariably  fol- 
lowed. The  operator  must  be  guided  by  the  circumstances  of  the 
case ;  but  the  following  suggestions,  based  on  principles  already 
described,  may  prove  useful :  When  spasmodic  action  is  to  be 
arrested  by  the  application  of  electricity  to  the  micscles^  a  mild 
current  should  be  selected,  with  the  positive  on  the  organ  and  the 
negative  at  some  indiiferent  point ;  when  applying  electricity 
through  the  nerves  to  allay  irritation,  that  portion  of  the  nerve 
near  the  diseased  organ,  when  accessible,  may  be  put  into  a  state 
of  andectrotonos  by  placing  the  positive  over  the  organ  and  the 
negative  on  the  nerve  some  distance  away,  and  employing  a  very 
mild  current  for  fifteen  or  twenty  minutes.  When  the  nerve  is 
not  directly  accessible,  place  the  positive  over  the  ganglia,  from 
which  the  organ  receives  its  nerve  supply,  and  the  negative  over 
the  organ  aflfected.  The  location  of  the  electrodes  should  be  re- 
versed when. the  muscles  or  nerves  are  to  be  stimulated,  to  in- 
crease the  functional  activity  of  an  organ.  Beard  and  Rockwell 
state  this  as  a  fundamental  fact :  "  Thefaradic  current  is  usuaUy 
preferable  to  the  galvanic  for  applications  to  the  stomachy 
spleen^  li/ver^  intestines  and  uterus^ 

A  new  method  of  applying  electricity  to  the  stomach : 

Dr.  Kussmaul  has  suggested  a  methml  of  localizing  a  current 
upon  the  interior  walls  of  the  stomach  that  has  been  tried  to  a 
limited  extent  only.  The  patient  having  filled  the  stomach  with 
water,  an  instrument  like  an  oesophageal  bougie,  insulated,  except 
at  the  tip,  is  passed  into  the  stomach  through  the  cEsoi)h}igus  and 
connected  with  one  polo  of  the  battery  ;  the  alternate  pole  is 
placed  outside  on  the  skin  over  the  stomach. 

VoMrriNO.  Dr.  Leven*  reports  several  cases  of  persistent 
vomiting  successfully  treated  by  the  a])])lication  of  electricity  in 
the   interior  of  the   stomach   by  the   method  above   described. 

*Progre8  Medical. 
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Four  or  five  applications  have  checked  it  in  cases  that  had  re- 
sisted all  other  measures.     No  other  paiticulars  were  given. 

Faradi^m,  Obstinate  vomiting  from  any  cause  is  often 
promptly  relieved  by  placing  the  electrodes  respectively  on  the 
pit  of  the  stomach  and  over  the  lower  dorsal  ganglia.  It 
is  frequently  necessary  to  use  as  strong  a  current  as  the 
patient  can  comfortably  endure,  and  to  prolong  the  sitting  be- 
yond the  usual  limit ;  twenty  to  thirty  minutes  will  sometimes 
answer  better  than  a  shorter  time.  Dr.  Lente,  of  Cold  Spring, 
New  York,  reports  a  large  number  of  cases  relieved  of  the 
most  troublesome  and  intractable  vomiting  by  this  method. 

Galvanism.  Bartholow  recommends  a  galvanic  current  ap- 
plied by  placing  the  positive  pole  in  the  depression  bel.ind 
the  angle  of  the  jaw  and  the  negative  over  the  stomach  ;  or 
the  positive  may  be  applied  over  the  spine  instead  of  behind 
the  jaw. 

Vomiting  of  pregnancy  has  been  relieved  by  both  forms 
of  electricity.      Each  case  requires  special  treatment 

Faradism,  A  mild  primary  faradic  current  may  be  used 
with  the  positive  electrode  on  the  pneumogastric  in  the  neck, 
and  the  negative  over  the  pit  of  the  stomach.  The  caution 
already  given  in  regard  to  electrizing  the  pneumogastric 
should  not  be  forgotten.  The  sitting  should  not  be  more 
than  five  minutes  in  duration,  and  may  be  repeated  for 
three  or  four  days  in  succession.  Electricity  applied  to  the 
interior  of  the  stomach  has  entirely  relieved  vomiting  from 
this  cause  that  had  resisted  all  other  treatment.  The  method 
already  described,  of  passing  a  strong  current  directly  through 
from  the  })it  of  the  stbmach  to  the  spine,  sometimes  succeeds. 

Gnlvani^mfi  applied  through  the  pneumogastric  has  also  re- 
lieved a  few  cases.  A  very  mild  current  should  be  used. 
Another  method  is  to  apply  a  feeble  galvanic  current,  from 
two  or   three   cells  onlv,  for   several  hours   in    succession.     A 
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broad,  flat,  moist  sponge  electrode  is  fastened  over  the  stomach, 
and  another  opposite  to  it  over  the  spine,  extending  from  the 
seventh  to  the  tenth  dorsal  vertebrsB.  The  patient  may  lie  on 
her  back  during  the  passage  of  the  current ;  when  it  is  im- 
possible for  the  patient  to  remain  in  bed  during  treatment, 
the  galvanic  belt  may  be  worn  to  supply  a  current. 

'  Hysterical  Vomiting  Attended  by  Epigastric  Pains.     Dr. 
Apostoli  has  successfully  treated  cases  of  this  kind  as  follows : 

The  positive  pole  is  applied  in  the  subclavicular  region  and 
the  negative  pole  over  the  seat  of  the  pain.  It  is  continued 
for  five  to  fifteen  minutes;  the  gastralgia  and  epigastric  pains 
have  been  stopped  after  ten  to  fifteen  applications. 

VoMrriNG  FROM  Gastric  Atony.  The  repeated  application 
of  a  mild  galvanic  current  by  placing  the  positive  electrode 
over  the  pneumogastric  alternately  at  each  side  of  the  neck, 
and  the  negative  over  the  pit  of  the  stomach,  sometimes  re- 
lieves.    The  sitting  should  be  very  brief. 

To  Produce  Vomiting.  Dr.  Fox*  has  used  faradism  to  pro- 
duce emesis  in  the  case  of  two  children,  who  were  in  a  state 
of  collapse,  and  unable  to  swallow  in  consequence  of  having 
eaten  poisonous  fimgi.  One  was  apparently  dying  and  insen- 
sible to  the  vapor  of  ammonia.  He  applied  one  electrode  to 
the  top  of  the  OBsophagus,  and  the  other  over  the  stomach. 
Vomiting  immediately  followed,  and  both  children  were  evi- 
dently saved  by  this  means. 

Gastrodvnia  or  Nervous  Cardialgia.  Those  painful  afiee- 
tions  of  the  stomach  not  dependent  upon  perceptible  changes 
in  structure  sometimes  called  neuralgic  stomach-ache,  and  due 
to  functional  derangement  of  the  solar  plexus  of  nerves,  are 
generally  relieved  by  ffalvanmn.  Relief  is  frequently  imme- 
diate, but  treatment  should  be  persevered  in  for  some  time  to 
render  it  permanent     Faradlsin  with  a  strong  current  some- 

•  BriHth  Medical  Journal,  vol.  U,  p.  49L 
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times  gives  relief.  The  current  in  either  ease  may  be  carried 
through  from  the  dorsal  ganglia  to  the  pit  of  the  stomach.  It 
is  sometimes  advantageous  to  combine  general  faradization  and 
central  galvanization  with  the  local  treatment,  especially  in 
the  intervals. 

GastraltwIA,  Enteralgia,  Hepatalgia  are  treated  in  the 
same  manner.  Yizioli  relates  the  following  as  an  example  of 
what  can  be  accomplished  by  galvanism  in  some  cases :  * 

A  woman,  thirty-five  years  old,  haa  been  bitten  ten  years 
previously  by  a  supposed  mad  dog.  The  patient  was  at  first 
intensely  excited,  but  became  calmer  after  a  few  days,  though 
she  lost  her  appetite  and  strength,  menstruation  ceased,  the 
senses  of  hearing  and  smell  became  abnormally  acute,  and 
paroxysmal  attacks  of  intestinal  colic  set  in.  The  latter  became 
more  and  more  frequent,  and  so  violent  as  to  cause  the  patient 
to  shriek  with  pain,  sometimes  causing  fainting-fits,  or  violent 
tonic  and  clonic  convulsions.  For  the  relief  of  the  gastralgia, 
cauterization  of  the  cervix  uteri  was  practiced.  At  this  stage, 
when  the  affection  had  existed  for  more  than  ten  years,  Vizioli 
began  to  treat  the  patient  with  the  constant  current  of  twenty- 
four  to  thirty-six  cells,  placing  one  pole  over  the  stomach. 
The  sittings  were  given  every  other  day.  Amelioration  was 
rapid.  After  the  twentieth  sitting  the  paroxysms  ceased  alto- 
gether, though  there  were  faint  reminders  when  the  uterus  was 
cauterized. 

FranMinism^  in  the  form  of  electro-positive  or  electro-negSr 
tive  baths,  has  an  excellent  reputation  in  the  neuralgic  afiec- 
tions  of  the  stomach,  liver  and  bowels,  and  also  m  nervous 
vomiting.  The  bath  may  be  combined  with  local  treatment 
by  drawing  sparks  from  the  painful  region.  Immediate  relief 
occurs  in  cases  to  which  this  form  of  electricity  is  adapted. 


•  Mtd,-Ckirurg.  Rundschau,  August  1881. 
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Dyspepsia  dependent  upon  spinal  exhaustion  will  be  relieved 
by  a   mild   galvanic   current   applied   to   the   spine,  one   pole 
being  located  high  up  over  the  superior  cervical  vertebra,  the 
other  over  the  end  of  the  coccyx.     The  current  need  not  be 
applied  directly  to  the  stomach.     Dyspepsia  arising  from  atony 
or  weakness,  should  be  treated  with  a  strong  faradic  current 
Some  of  these  cases  will  be  greatly  improved  by  simply  hold- 
ing one  uninsulated  electrode  in  each  hand,  while  'as  strong  a 
faradic  current  as  can  be  endured  is  passed  through  the  circuit. 
The  first  sitting  may  be  about  five  minutes,  and   subsequent 
ones  may  be  increased  until  they  occupy  twenty  minutes.     A 
sensation  of  soreness  in  the  muscles  of  the  arm  indicate  that 
the  application  was  continued  too  long.     The  treatments  may 
be  repeated  daily  for  one  month,  then  omitted  for  the  same 
length  of  time,  and  again  repeated  if  necessary.     The  muscles 
of   the  arms   and    chest   are   considerably   developed    by  this 
means,  the  appetite  and  digestion  improved.     It  is  scarcely 
necessary  to  add  that  in  all  diseases  of  the  digestive  organs 
the  diet  should  be  regulated.     Dyspepsia  caused  by  over-eat- 
ing, indulgence  in  intoxicating  liquors,  or  where  *  poisons  have 
been  taken,  is  usually  accompanied  by  a  congested  condition  of 
the  walls  of  the   stomach.     A   mild   faradic  current  may  be 
employed  to  excite  contraction  of  bloodvessels  and  lessen  con- 
gestion.    Sometimes  a  mild  galvanic  current  applied  through 
the  nerves  will  be  needed.     The  treatment  of  dyspepsia  of  every 
form  should  be  conducted  according  to  the  general  principles 
already  given.     A  carefully  regulated  diet  and  patient  appli- 
cation of  the  indicated  form  of  electricity  for  a  considerable 
period  of  time  will  almost  invariably  be  rewarded  vrith  success, 
provided  the  disease  is  not  attended  by  organic  changes.     Tlie 
dect/ro-therrtwZ   baths   are    undoubtedly    better   adapted   to   the 
treatment  of  chronic  disorders  of  the  digestive  organs  than  any 
other  method  which  the  profession  has  yet  adopted. 
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Acidity  of  the  stomachy  loss  of  appetite^  nausea^  waterbrash 
(pyrosis),  amd  all  the  other  disagreeable  sjmpti^ms  with  which 
dyspeptic  patients  suffer,  may  be  treated  by  some  one  of  the 
methods  described  for  dyspepsia.  A  galvanic  belt  with  the 
electrodes  fastened  respectively  over  the  nape  of  the  neck  and 
pit  of  the  stomach  is  sometimes  beneficial,  the  current  being 
continued  for  weeks.  In  severe  cases  the  electrodes  may  be 
applied  without  a  cover  to  produce  strong  counter-irritation. 
Many  years  ago  it  was  customary,  in  cases  which  could  not  be 
relieved  by  milder  measures,  to  apply  a  blister,  and  fisisten  npon 
die  sc»re  a  disc  of  silver  tor  the  positive  electrode,  and  employ 
a  mild  galvanic  current  to  keep  up  a  discharge.  Electric 
fiistigation  with  the  wire  brush  on  the  dry  skin  over  the 
stomach,  the  other  electrode  being  located  on  the  spine,  is 
especially  adapted  to  cases  suffering  from  a  persistent  gnaw- 
ing, burning  sensation  in  the  stomach. 

DiLATATiox,  AND  Cat.vrrh  OF  THE  Stokach.  The  mcthod 
ot  applying  electricity  within  the  stomach  is  highly  recom- 
mended  both  bv  Kussmaul  and  Ziemssen  in  these  case& 

Congestion  of  the  Li^'er.  Passive  cases  may  be  relieved 
in  a  few  days  by  j\inidi&m.  Place  a  broail  moist  sponge  posi- 
tive electrode  over  the  spine  in  the  lower  dorsal  region,  and 
draw  the  noirtitive  over  the  liver,  making  tinu  pressure,  which 
mav  be  ^rraduiUIv  inoreaseil  durin:r  the  sittinsr  so  as  to  carrv 
the  electnxle  j>artially  under  the  ribs ;  lift  it  off  in  front  and 
carry  it  kwk  to  the  starting-jKMUt  without  contact  with  the 
skin.  Caution  should  be  usevl  in  regulating  the  current  to 
start  with,  which  should  be  very  mild  until  the  tolerance  ol 
the  organ  to  electricity  is  known.  In  s<»me  ceases  severe  crampc 
will  be  i*aus<\l  by  nonH.^bs<*rvauvv  ot"  this  rule,  and  if  they 
occur  it  is  dirticult  to  persuade  the  patient  to  risk  their  recur 
rence  by  jvrmitriug  any  turclter  cKvtriciil  treatment.  Cases 
in  which  the  liver  has  given  rhc  imprv^ssion  v>f  stony  hardne^ 
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on  palpation,   have  been  materially  relieved  in  a  few  days  by 
this  course.      The  electro-thermal  baths  are  also  to  be  recom-' 
mended  in  liver  complaints  arising  from  disordered  circulation 
of  blood  through  the  orgau. 

Cirrhosis  of  the  Liver.  Beard  and  Rockwell  state  that 
the  pains  accompanying  this  disease  are  alleviated  by  electrical 
applications. 

Hydatids  op  the  Liver. — Electrolysis.  At  Guy's  Hospital 
and  the  Royal  Infirmary  for  Children,  a  number  of  cases  have 
been  operated  upon  by  the  method  described  in  the  following 
case :  "Two  needles  were  introduced  into  the  most  prominent 
part  of  the  swelling,  one  piercing  the  space  between  the  eighth 
and  ninth  costal  cartilages  and  the  other  about  two  inches  be- 
hind it,  between  the  ninth  and  tenth  ribs.  The  needles  were 
passed  in  to  a  depth  of  two  or  three  inches,  so  as  to  be  free 
in  fluid.  Both  needles  were  attached  to  the  negative  con- 
ductor; the  positive  being  connected  \rith  a  large  sponge 
was  placed  on  the  skin  near  the  needles ;  a  current  from 
ten  freshly  charged  cells  was  allowed  to  pass  for  twenty-five 
minutes.  There  was  some  pain  for  four  or  five  hours  after^ 
ward.  Twenty  days  after,  all  traces  of  the  abdominal  tumor 
had  disappeared."  The  surgeons  at  the  hospitals  referred  to 
claim  that  this  operation  is  free  from  danger,  and  not  liable 
to  set  up  suppuration  within  the  cyst.  It  has  been  suggested 
that  the  transformation  of  chloride  of  sodium  into  caustic  soda 
by  the  chemical  process  which  electricity  sets  up  within  the 
cyst  renders  its  contents  poisonous  to  the  parasite. 

Spleen.  Enlarged  spleen,  the  result  of  malarial  poison- 
ing, has  been  relieved  by  the  same  measures  described  under 
congestion  of  the  liver.  It  is  believed  that  the  effect  produced 
is  due  partiy  to  the  mechanical  action  resulting  from  the  con- 
tractions of  the  abdominal   muscles  and  partiy  to  the  reflex 
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action  of  the  current,   especially  if  a  metal  electrode  be  used 
on  the  dry  skin  over  the  spleen. 

Catarrhal  Jaundice.  Prof.  Gerhard t,  of  Wtirtzburg,  recom- 
mends faradization  of  the  gall-bladder  for  this  disease.  One 
electrode  is  placed  over  it  (see  G,  Fig.  74)  and  the  other  on 
the  back,  opposite  to  it.  A  strong  current  is  passed  through 
it  for  several  minutes.  This  will  be  more  effective  if  the  cur- 
rent is  interrupted  by  removing  and  replacing  the  electrode 
over  the  gall-bladder  at  intervals  of  a  few  seconds.  Some- 
times a  disappearance  of  the  dullness  occurs  during  the  sitting. 
Success  is  certain  if  a  bilious  stool  is  passed  within  the  next 
two  days.  Generally  the  vaso-motor  nerves  of  the  kidneys  are 
excited  at  the  same  time,  and  consequently  the  urine  that  is 
passed  within  twenty-four  hours  after  treatment  is  paler  and 
more  dilute  than  usual. 

Catarrhal  and  Ulceratfve  Inflammation  op  the  Colon. 
Dr.  Karetzky*  adopted  the  following  plan  of  treatment  in 
a  case  of  chronic  colitis,  with  ulcerations  and  atony  of  the  in- 
testines, which  had  resisted  for  five  years  every  mode  of  treat- 
ment :  The  positive  pole  was  introduced  into  the  rectum,  while 
the  negative  was  moved  along  the  entire  length  of  the  colon  for 
a  few  minutes.  After  each  application  he  also  faradized  with  the 
brush  the  skin  over  the  affected  region.  After  the  first  few 
seances,  a  very  marked  improvement  was  noticed  in  patient's 
general  and  local  condition,  and  he  recovered  entirely  after 
fifteen  applications  had  been  made. 

Constipation  caused  by  impaired  peristaltic  motion,  loss  of 
power  in  the  abdominal  nmscles,  protracted  diarrhoea,  the  abuse 
of  aperient  medicines,  and  in  some  cerebral  and  spinal  disorderb, 
may  be  relieved  by  electricity. 


•  Vratch,  1880,  No.  43. 
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Faradmn,  Habital  constipation  is  treated  by  connecting  one 
IK)le  with  a  rectal  electrode,  or  placing  a  large  electrode  on  the 
perineum,  while  the  other  is  carried  along  the  course  of  the 
colon  in  the  direction  of  the  arrows  on  Fig.  74  from  R  J  to  L  J. 
The  electrode  should  be  moved  slowly  in  one  direction  only,  a 
mild  current  being  employed.  A  powerful  current  produces 
distressing  cramps  in  the  abdomen  ;  they  also  result  from  a 
very  mild  current  occasionally  in  a  subject  who  exhibits  the 
muscular  reactions  peculiar  to  some  forms  of  paralysis.  It  is 
unnecessary  to  employ  a  .current  of  sufficient  strength  to  cause 
pain. 

Dr.  Blackwood  *  expresses  his  views  on  the  subject  of  consti- 
pation in  these  words : 

Electricity  is  beyond  question  intrinsically  more  valuable  than  any 
other  remedy  we  possess  in  restoring  tone  to  the  intestine  in  long- 
standing cases.  Contrary  to  general  rule,  fiaradism  is  here  preferable  to 
galvanism;  but  care  is  requisite  in  its  application,  that  painful  parietal 
muscular  contraction  does  not  occur.  The  current  should  be  rapidly  ap- 
plied over  the  whole  abdomen,  one  pole  brushing  gently  the  parietes, 
the  other  being  located  over  the  solar  plexus  or  anus. 

Flatulence,  colic,  tympanites,  are  relieved  by  faradism,  the 
positive  being  inserted  in  the  rectum  and  the  negative  carried 
over  the  abdomen.  The  condition  which  gives  rise  to  the  forma- 
tion of  gas  in  the  intestinal  canal  should  be  treated  in  the  inter- 
vals between  attacks.  Central  galvanization  will  sometimes 
permanently  cure.  It  may  be  applied  two  or  three  times  per 
week.  Althaus  relates  a  case  of  excessive  flatulency,  the  result  of 
an  attack  of  dysentery  fifteen  j'ears  previously,  which  he  perma- 
nently cured  in  three  weeks  ;  the  positive  pole  was  inserted  in  the 
rectum  and  the  negative  passed  over  the  abdominal  muscles, 
twenty-five  cells  being  included  in  the  circuit.  He  does  not  name 
the  kind  or  condition  of  the  cells  employed  ;  but  any  physician 

•Neurologist  and  electrician  to  the  Presbyterian  Hospital,  physician  to  St,  Mary's 
Hospital,  etc 
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who  has  experimented  upon  a  piece  of  beef  vrith  a  galvanic  cur- 
rent from  a  large  number  of  cells  and  noticed  the  effect  produced 
at  the  poles,  would  hesitate  to  apply  a  current  from  twenty- five 
freshly  charged  zinc-carbon  cells  anywhere  about  the  body  except 
for  the  purpose  of  electrolysis.  The  treatment  described  for 
dyspepsia  is  appropriate  in  cases  here  referred  to,  to  prevent 
the  recurrence  of  attacks. 

DiARRHCEA — Faradization.  Beard  and  Rockwell  give  par- 
ticulars of  treatment  which  proved  successful  in  several  obsti- 
nate cases  of  chronic  diarrhoea.  The  method  pursued  was 
general  faradization,  averaging  three  times  per  week,  with  local 
application  to  any  tender  spots  in  the  abdomen.  The  treat- 
ment was  prolonged,  and  the  current  strong.  Immediate 
improvement  was  observable  in  favorable  cases.  Excessive 
peristaltic  action  upon  which  diarrhoea  sometimes  apparently 
depends  may  be  lessened  by  applying  a  strong  current  to  the 
lower  dorsal  ganglia  to  influence  the  splanchnic  nerves. 

Cholera  iNFAimjM.  Dr.  O'Reilley,  of  Louisville,  Ky.,  has 
successfully  employed  faradization  in  the  treatment  of  this 
disease.  The  method  of  applying  it  is  similar  to  that  described 
for  vomiting  and  diarrhoea. 

Intestinal  Obstruction. — Faradism.  A  case  of  this  kind 
in  the  Hotel-Dieu  of  Rheims  was  apparently  saved  by  elec- 
tricity. 

A  laborer,  aged  sixty  years,  fell  upon  a  heap  of  stones,  receiving  slight 
contusions  on  the  right  side.  Four  days  after  he  was  brought  to  the  hos- 
pital in  a  state  of  profound  collapse;  there  was  considerable  tympanites, 
but  no  tenderness  on  pressure.  He  had  two  hernias,  complete  on  the 
right,  with  the  inguinal  ring  enlarged  to  admit  three  fingers;  on  the  left, 
a  very  small  hernia.  All  the  usual  means  were  made  use  of  without 
effect.  Stercoraceous  vomiting  persisted,  and  on  the  next  day  recourse 
was  had  to  electricity — the  first  application  of  twenty  minutes*  duration 
was  made  at  noon ;  one  pole  was  placed  in  the  anus,  while  the  other 
was  moved  over  the  abdomen.    No  effect  being  obtained  it  was  repeated 
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at  five  o'clock  p.m.  At  nine  p.m.  the  patient  had  a  considerable  stool ;  he 
had  a  better  night,  the  vomiting  having  ceased.  Next  day  he  had  two 
electrizations,  and  in  the  afternoon  the  bowels  were  thoroughly  cleared 
out  His  recovery  progressed  without  interruption,  and  four  days  later 
he  was  well. 

Mr.  Cauhet*  reports  a  similar  case  occurring  in  a  man  aged  forty- 
five.  Six  days  after  the  attack  began,  electricity  was  tried  according  to 
the  same  method,  but  without  relief.  The  seventh  day  a  negative  elec- 
trode was  introduced  into  the  anus,  and  the  positive  moved  over  the 
8ur£Eu:e  of  the  abdomen  for  fifteen  minutes.  A  few  hours  after  free  evac- 
uation occurred,  and  the  patient  recovered. 

REDUcrnoN  of  Hebnia. — Faradism.  A  large  number  of 
cases  are  reported  in  medical  literature  of  strangulated  hernia 
reduced  by  faradism.  The  usual  procedure  is  to  place  one 
electrode  in  the  rectum  and  the  other  either  upon  the  hernia 
or  at  different  points  over  the  abdomen. 

Dr.  Suprunenkof  reports  the  following  case: 

A  slight  inguinal  hernia,  which  had  been  three  hours  strangulated 
resisted  half  an  hour's  taxis.  A  moderately  strong  &radic  current  was 
then  used.  The  positive  electrode  was  pressed  against  the  tumor,  while 
the  negative  was  applied  first  against  the  lumbar  vertebrse,  afterward 
over  the  umbilicus.  The  hernia  at  once  diminished,  and  in  two  minutes 
disappeared.  In  a  second  case,  reported  by  Dr.  Pergamin,  the  patient,  a 
man  of  eighty,  sufiered  from  strangulated  hernia  for  twelve  hours.  Two 
hours'  persistent  taxis  failed.  The  fi&radic  current  was  used  for  fifteen 
minutes  without  success.  The  current  being  still  maintained,  manipula- 
tion was  tried,  and  in  about  two  minutes  the  bowel  returned  into  the 
abdomen  with  a  gurgling  sound. 

AscriEs. — Faradism,  Dropsy  of  the  abdomen,  due  to  vari- 
ous causes,  has  been  successfully  treated  by  faradization  alone. 

Popowt  reports  a  case  of  persistent  anasarca  and  ascites  in  a  patient 
sixty-three  years  of  age,  who  for  many  years  nad  been  a  sufierer  from 
malaria.  On  admission  to  the  hospital  he  nad  considerable  oedema  of 
feet  and  legs,  and  oppressive  ascites.     Jaborandi  and  Fowler's  solution 

•  Revue  Midieale  de  TcnaUmae, 
t  Wratach,  No.  40,  18S2. 
I  VraiBch,  22,  1880. 
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were  given,  and  Blight  improvement  noticed.  The  induced  current  waa 
then  daily  applied  over  the  abdomen  and  the  repon  of  the  spleen. 
The  urinarj'  secretion  was  found  to  become  much  more  abundant,  and, 
as  soon  as  faradization  was  discontinue^!,  again  grew  leas.  Albumen, 
after  awhile,  ceased  to  appear  in  the  urine,  the  patient's  general  health 
improved,  his  abdomen  became  flat,  and  he  was  soon  dischai^ged  cured. 
The  spleen,  however,  remained  large. 

Dr.  Sigrist*  reports  a  second  case  of  ascites  successflilly  treated  in 
this  manner.  Ascites  was  due  to  hypertrophic  cirrhosis  of  liver.  Every 
muscle  of  the  abdomen  was  made  to  contract  from  fifteen  to  twenty-five 
times ;  two  s^'ances  per  day.  Under  this  treatment  the  patient  began  to 
lose  in  weight  about  200  grms.  per  diem;  amount  of  urine  became 
double,  and  abdominal  circumference  was  diminishing  from  one-half  to 
one  centimetre  per  day.  On  the  tenth  day  an  abdominal  bandage  was 
applied.  In  three  weeks  ascites  entirely  disappeared  and  had  not  recurred 
when  seen  three  months  later. 

Skibnewskif  has  recently  reported  two  additional  cases;  the  first,  a 
little  girl,  a^t.  9,  very  anaemic  and  with  marked  ascites.  Foe  ten  days 
the  patient  took  digitalis  and  iron  without  any  diuretic  effect,  and  dur- 
ing  these  ten  days  the  circumference  of  the  abdomen  sensibly  increased. 
The  digitalis  was  then  discontinued,  the  iron  being  kept  up.  Faradism 
was  applied  to  the  alxiominal  muscles  two  or  three  times  a  day.  Each 
stance  lasted  fifteen  or  twenty  minutes.  The  currents  were  sufficiently 
strong  to  produce  muscular  contraction.  During  the  same  stance  each 
muscle  was  made  to  contract  fifteen  or  twenty  times.  After  twelve  days 
the  circumference  of  the  abdomen  was  reduced  from  thirty-six  and  four- 
fifth  inches  to  thirty ;  the  quantity  of  urine  was  considerably  increased. 
After  three  weeks  the  circumference  of  the  abdomen  was  only  twenty- 
four  inches,  and  the  quantity  of  urine  normal.  A  month  and  a  half 
after  leaving  the  hospital,  the  patient  had  a  return  of  the  ascites.  As 
before,  medication  had  practically  no  efi'ect,  and  faradization  was  resorted 
to  with  the  former  result. 

The  second  case  was  that  of  a  young  man,  ret.  17.  Ascites  and  aug- 
mentation of  the  spleen  commenced  after  an  infectious  disease.  The 
urine  was  small,  and  contained  no  albumen.  Faradization  was  performed 
twice  a  day  for  fifteen  diiys,  and  then  thrice  a  day,  until  within  four 
wockH  a  cure  was  efl'ected,  both  of  the  ascites  and  splenic  enlai^ment. 


*  Malic.- chir.    Runfinchau,  January  1881. 
fUevuc  (ics  ik.  MM.,  July  1883. 
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Pendulous  Abdomen  (Physoonia). — Faradism.*  One  elec- 
trode is  placed  at  the  motor  points  of  the  rectus  abdominis 
(Fig.  72,  90  to  94),  while  the  other  is  carried  up  and  down  the 
muscle.  The  current  should  be  strong  enough  to  forcibly 
contract  the  biceps. 

THE  RECTUM. 

Electricity  is  applied  so  frequently  through  the  rectum,  not 
only  for  disorders  of  the  intestinal  canal,  but  also  for  those  of  ad- 
jacent organs,  that  it  may  not  be  out  of  place  in  this  connection 
to  call  attention  to  its  peculiar  shape  and  direction  ;  this  seems 
especially  necessary,  in  view  of  the  fact  that  the  majority  of 
electrodes  intended  to  convey  electricity  within  it  are  so  illy 
adapted  to  the  purpose.  The  length  of  the  rectum  in  the  adult 
varies  from  four  to  eight  inches;  the  lower  third,  averaging 
one  inch  in  length,  curves  forward  from  the  anus ;  the  middle 
third  curves  backward  along  the  sacrum  ;  the  upper  third  is  one- 
half  the  length  of  the  entire  tube,  and  bends  toward  the  left. 
The  shape  of  the  lower  and  middle  may  be  compared  to  an 
exaggerated  letter  S,  with  its  lower  curve  one  inch  long  and  its 
upper  three  inches.  It  is  obvious  that  any  considerable  force 
used  to  insert  a  rigid  rectal  electrode  several  inches  in  length  into 
a  tube  curved  as  described,  mav  cause  serious  and  even  fatal  in- 
jury.  A  flexible  electrode,  terminating  in  a  ball  or  oval-shaped 
body,  is  preferable,  when  it  is  to  be  used  simply  as  a  director 
for  the  current. 

TJie  nerves  which  supply  it  being  derived  from  the  plexus  and 
ganglia,  represented  by  P  and  G,  Fig.  73,  it  is  ])()S8ible  to  treat 
some  local  disorders  of  the  rectum  through  its  nerves  by  locating 
the  electrodes  at  the  ])()ints  named.  Large,  moist  sponge-electrodes 
are  best,  and  the  effect  of  the  current  is  most  apparent  when 
ai)])lie(l  through  warm  water,  as  in  the  electnvthermal  bath. 

*  CrntraU^ltiU,  1883. 
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Diseases  of  the  rectum  for  which  electricity  may  be  employed 


Hemorrhoids  (piles), 
Prolapsus  ani, 
Pruritus  ani, 
Fistula  in  ano, 


Paralysis  of  the  sphincter. 

Stricture, 

Tumors. 


Fio.ua 

INSULATED  RECTAL  ELECTRODE. 
Length,  5  inches. 

This  is  the  usual  form  of  rectal  electrode.  It  is  insulated  for  nearly  one-half  its  length 
with  polished  hard  rubber.  The  metal  part  is  nickel-plated.  Various  sixes  are  made  00 
that  it  fomiB  a  suitable  instrument  for  dilating  strictures  either  with  or  without  elec- 
trolysis. 

Hemorrhoids. —  Galvanism.  Before  each  sitting  direct  the  rec- 
tum to  be  well  cleansed  with  an  injection  of  hot  water ;  anoint 
the  rectal  electrode  before  inserting  it.  If  the  tumors  do  not 
involv^e  the  sphincter,  it  is  best  to  have  that  portion  of  the  instru- 
ment in  contact  with  the  sphincter  insulated.  When  the  piles  are 
very  sensitive,  or  ulcerated,  connect  the  rectal  electrode  with  the 
positive ;  if  not  sensitive,  and  especially  if  they  have  existed  a 
long  time,  connect  it  with  the  negative  pole.  The  external  elec- 
trode should  be  large,  and  may  be  moved  over  the  liver,  stomach 
and  abdomen,  in  the  direction  of  the  colon. 

Faradism  is  indicated  to  improve  the  venous  circulation  and 
prevent  recurrence. 

Electrolysis  has  been  employed  to  destroy  old  tumors  that 
resist  other  treatment.  After  bringing  the  tumor  into  view,  insert 
the  negative  needle  and  apply  the  positive  pole  over  the  nates  or 
any  convenient  place,  and  carry  a  current  from  four  to  six  cells 
through  it  for  twenty  minutes. 

Galva7UH^autery  is  pronounced  by  far  the  most  efficient  and 
satisfactory  method  of  operating  upon  piles  for  their  radical  re- 
moval.    The  patient  is  put  under  the  influence  of  an  anaesthetic, 
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the  rectum  having  been  previously  cleared  by  an  injection. 
Forcibly  dilate  the  sphincter.  The  tumors  are  brought  below  it, 
if  possible,  but  if  not  they  are  encircled  by  the  loop  and  removed 
after  the  method  for  removing  tumors  described  in  the  chapter  on 
galvano-cautery.  When  they  are  of  such  a  shape  that  they  can- 
not be  inclosed  in  a  loop,  they  must  be  destroyed  with  the 
platinum  point  Dr.  Butler  directs  attention  to  these  points  in 
operating.  1.  Apply  the  loop  snugly  around  the  diseased  tissue 
before  heating.  2.  Tighten  slowly,  so  that  the  mechanical  action 
of  the  tightening  loop  may  not  anticipate  the  cauterizing  action. 
3.  Protect  the  adjacent  parts  from  being  burned  by  radiation. 
Hamilton  recommends  running  into  the  tumors  platinum 
needles  heated  to  a  dull  red  heat,  which  obliterates  the  vessels 
without  setting  up  active  inflanmiation  beyond  ;  atrophy  follows. 
It  is  well  to  protect  surrounding  parts  with  cotton  saturated  with 
water. 


Fig.  111. 

BALL  RECTAL  ELECTRODE. 
Length,  5  inches. 

This  electrode  consists  of  a  rod  of  metal,  insulated  with  hard  rubber,  and  terminat- 
ing in  a  nickel-plated  haU.  It  is  preferable  to  the  one  shown  in  Fig.  110  as  a  conductor, 
owing  to  its  blunt  extremity,  but  is  not  suitable  for  treating  strictures. 

Prolapsus  Ani. —  Galvano-cautery,  The  operation  for  this 
disease  does  not  differ  in  its  details  from  the  one  performed 
with  actual  cautery.  It  is  fully  described  in  textbooks  on 
surgery. 

Faradism.  This  disease  in  children  may  sometimes  be 
cured  by  persistent  treatment  with  a  faradic  current  locally 
applied,  the  negative  within  the  rectum  or  against  the  anus. 

Pruritus  Am.  A  mild  faradic  current  applied  through  elec- 
trode 112  to  and  within  the  anus,  with  a  sponge  electrode  upon 
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the  lower  part  of  the  spine,  frequently  gives  temporary  relief. 
Permanent  relief  can  be  had  only  through  a  cure  of  the 
disease  which  causes  it.  Occasionally  a  galvanic  current  ap- 
plied the  same  way  has  been  successful. 

Paralysis  of  Sphincter  iVni.  When  this  disease  accompanies 
paralysis  of  other  parta,  electricity  locally  applied  will  produce 
little  effect.  When  it  is  the  result  of  local  causes,  such  as 
pressure  during  labor,  forcible  dilatation,  etc,  it  may  be  relieved 
by  applying  the  positive  electrode  within  the  sphincter,  and 
the  negative  on  the  spine  at  the  i>oint  indicated  by  G,  Fig.  73. 
The  secondary  faradic  may  be  employed,  as  strong  as  can  be 
borne  comfortably,  for  five  minutes  daily.  If  improvement 
does  not  follow  after  two  or  three  treatments,  the  slowlv  inter- 
rupted  galvanic  sliould  be  substituted.  Galvanism  will  not 
need  to  be  repeated  more  than  three  times  per  week,  and  six 
to  twelve  freshly-charged  zinc-carbon  cells  will  be  sufficient. 

Strictcre  of  tue  Rectum. — Electrolysis.  An  electrode 
similar  to  Fig.  110  is  selected  of  suitable  size  to  engage  in  the 
stricture.  The  instrument  should  be  insulated  except  at  the 
pjint  which  is  to  act  on  the  tissues.  The  process  described 
for  insulating  electrolysis  needles  may  be  employed.  Hamilton 
recommends  the  following  formula : 

Gum  shellac  <  brown  i 1  drachm. 

Solution  india-rublx^r  (Squibb*!?) 1 J      " 

Woixi  naphtha 2        " 

On  account  of  Tripier's  observation  that  the  scars  which 
form  at  the  }K)int  where  the  negative  pole  is  applied  are  softer 
and  contnu-t  less  than  at  the  positive  pole,  it  is  customary  to 
connect  tht*  rectal  electrode  with  the  negative  pole  of  the  bat- 
tery, while  the  p<^sitive  is  applied  to  the  nates.  A  very  mild 
c*iri\nt  /x  ;/<'//V'  t^dent  than  a  jhnterfHl  ft/o'  in  giving  perma- 
nent relief.     In  this  operation  tlie  sha}>e  of  the  rectum  must 
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be  taken  into  account,  otherwise  the  instrument  may  produce 
electrolysis  of  the  healthy  membrane,  an  accident  to  be  avoided. 
Tumors,  Foreign  Growths  and  Malignant  Affections  have 
been  removed  from  the  rectum  both  by  electrolysis  and  galvano- 
cautery.  In  the  case  of  malignant  disease,  although  a  radical 
cure  cannot  be  expected,  yet  suffering  is  diminished,  and  life  has 
been  prolonged. 


Fio.  112. 

NEW  STYLE  RECTAL  ELECTRODE. 
Len^h,  2\  inches.    Diameter,  %  inch. 

This  is  unqnestionably  the  best  form  of  electrode  for  localizing  the  current  in  the 
lower  portion  of  the  rectum.  It  is  insulated  for  a  little  more  than  one-half  its  length  with 
hard  rubber.  The  portion  of  it  in  contact  with  the  sphincter  is  so  small  that  not  the  least 
irritation  is  produced  during  the  treatment,  and  the  curve  foUows  the  natural  curve  of  the 
rectum.    A  socket  in  the  base  receives  the  conducting  cord. 

Fistula  in  Ano. — Electrolysis,  It  has  been  recommended 
to  destroy  the  lining  membrane  by  inserting  a  wire  through 
the  entire  length  of  the  canal,  and  connecting  it  with  the  posi- 
tive pole  of  the  battery,  the  negative  being  placed  on  an 
indifferent  point  on  the  skin.  A  current  from  six  to  eight 
cells  is  employed  for  fifteen  minutes.  One  application  is  suffi- 
cient. It  causes  little  pain,  and  an  anaesthetic  is  not  required. 
Some  authorities  recommend  that  the  bowels  should  be  confined 
for  several  days  after  the  operation. 

Galvano-cautery,  Insert  a  platinum  wire  in  the  fistula 
through  a  suitable  director;  with  the  finger  that  is  in  tlie 
rectum  hook  the  end  of  the  wire  downward  through  tlie  anus 
and  remove  the  director;  both  ends  of  the  wire  are  connected 
with  the  battery,  and  the  loop  is  slowly  drawn  up,  after  the 
circuit  is  completed.  The  adjacent  tissues  must  be  i)rotected  by 
lint  saturated  with  water.  The  subsequent  treatment  is  the  same 
as  after  an  operation  with  the  knife. 
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THE  URINARY  ORGANS. 

Electricity  may  be  applied  to  these  organs  through  the 
pneuraogastric  and  phrenic  nerves  at  the  motor  points  in  the 
neck ;  through  semi-lunar  ganglia  by  placing  a  broad  electrode 
on  the  lower  dorsal  vertebrae;  through  the  solar  plexus  by 
pressing  an  electrode  firmly  against  the  empty  stomach. 

General  faradization  and  central  galvanization  increase  the 
amount  of  urine  excreted.  The  kidneys  may  be  directly  elec- 
trized by  including  them  between  two  electrodes  placed  on 
opposite  sides  of  the  body.  A  galvanic  current  carried  to  the 
base  of  the  brain  is  said  to  exert  a  direct  influence  over  the 
amount  of  sugar  found  in  the  urine. 

The  ureters  respond  readily  to  both  kinds  of  electricity. 
They  are  shortened  and  constricted.  The  contractions  proceed 
in  the  direction  from  the  kidneys  to  the  bladder,  and  continue 
long  after  the  application  has  ceased. 

The  bladder  contracts  vigorously  when  its  muscular  fibers 
are  directly  faradized.  It  has  been  shown  that  electric  stimu- 
lus applied  to  ceitain  parts  of  the  brain  can  cause  contractions 
of  the  bladder,  and  that  this  stimulus  is  transmitted  through 
the  anterior  columns  of  the  cord.  A  current  applied  through 
the  posterior  roots  of  the  sacral  nerves  also  produces  contrac- 
tion of  the  muscular  fibers  of  the  bladder  by  reflex  action. 
Another  nervous  center  for  the  bladder  is  found  in  the  lower 
portion  of  the  lumbar  cord,  motor  fibres  from  which  pass 
through  the  hypogastric  plexus  on  their  way  to  tlie  bladder. 
An  electric  current  may  be  applied  directly  to  this  plexus 
through  an  electrode  in  the  upper  third  of  the  rectum.  This 
electrode  is  also  in  contact  with  the  posterior  wall  of  the  bladder, 
in  males.  A  current  may  be  applied  to  the  bladder  by  placing 
a  broad  electrode  on  the  lower  part  of  the  abdomen,  directly 
over  the  pubic  arch,  and   another  on   the   spine  at  the  point 
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indicated  by  G,  Fig.  73,  or  within  the  bladder  through  an 
insulated  electrode  like  those  shown  in  Figs.  113  and  114. 
Both  poles  may  be  introduced  into  the  bladder  through  the 
electrode  illustrated  by  Fig.  116. 

The  sphincter  of  the  bladder  is,  physiologically  speaking, 
not  a  sphincter  at  all.  Faradization  of  any  part  of  the  blad- 
der causes  urine  to  be  voided,  but  faradization  of  those  wliitish 
elastic  circular  fibers  that  surround  the  neck  of  the  bladder,  and 
to  which  the  name  sphincter  has  been  given,  does  not  arrest  the 
flow  of  the  urine.  It  may  be  checked  immediately  by  direct- 
ing the  current  to  the  membranous  portion  of  the  urethra. 
This  may  be  accomplished  by  the  introduction  of  an  electrode 
into  the  urethra,  or  into  the  lower  third  of  the  rectum. 

Diseases  to  which  electricity  has  been  applied. 

Addison's  disease.  Chronic  inflammation  of  the 

Bright's  disease.  bladder  (cystitis). 

Diabetes  insipidus.  Frequent  micturition. 

Catarrh  of  the  bladder.  Parab'sis. 

Incontinence  of  urine. 

Addison's  Diseasb. — Faradism.  Dr.  Rockwell  describes  a 
remarkable  case  of  this  disease  in  which  general  faradization 
relieved  the  symptoms,  and  imparted  so  great  vigor  to  the 
patient  that  considerable  doubt  was  expressed  in  regard  to  the 
correctness  of  the  diagnosis  by  the  gentlemen  of  the  association 
to  whom  the  patient  was  presented.  He  lived  two  years  in 
the  improved  condition  at  which  he  had  arrived  under  the 
influence  of  electricity,  and  at  last  died  quite  suddenly.  A 
post-mortem  confirmed  the  diagnosis. 

Bbioht's  Disease. — Gahyamism.  Dr.  Hughes  recommends 
galvanization  of  the  spine  for  both  Bright's  and  Addison's 
disease,  believing  they  are  associated  with  disease  of  the  renal 
ganglia.  Albumen  and  tube  casts  have  disappeared  under  this 
treatment 
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Diabetes  Ixsipidus. — Galvani^mi,  Althaus*  has  success- 
fully treated  this  by  galvanizing  the  medulla.  Hughes  reports 
a  case  of  this  disease,  associated  with  profound  melancholia 
and  sexual  apatliy  (loss  of  sexual  desire  without  spermatorrhea 
for  six  months),  cured  by  galvanization  of  the  head  and  spine 
conjoined  with  proper  medication.  Each  application  was  con- 
tinued six  minutes. 

Fai^dmn,  Dr.  Clubbef  reported  a  case  treated  with  a 
faradic  current  applied  over  the  kidneys  about  twenty  minutes 
at  a  time,  every  day.  Tlie  amoant  of  urine  was  reduced  more 
than  one-half,  and  the  patient's  condition  greatly  improved  for 
a  number  of  months. 

Catarrh  of  the  Bladder. —  Galvanism.  The  bladder  after 
being  emptied  is  partially  filled  with  warm  water,  and  an  elec- 
trode (Fig.  114)  is  introduced  and  connected  with  the  negative 
pole ;  4  broad  flat  electrode  applied  over  the  bladder  or  sacrum 
is  connected  with  the  positive.  A  very  mild  galvanic  current 
is  carried  through  the  circuit  for  a  few  minutes  only.  The  pres- 
ence of  urine  may,  by  its  decomposition,  produce  great  irritation. 
It  has  been  suggested  that  certain  drugs  be  added  to  the  water, 
which  after  decomposition,  are  capable  of  exerting  an  alterative 
influence  upon  the  lining  membrane.  As  a  rule  the  disadvan- 
tages and  dangers  of  this  method  more  than  counterbalance  its 
advantages. 

Dr.  R.  M.  Murray:]:  oflers  these  hints  as  to  the  mode  of 
conducting  the  application  of  galvanism  to  the  bladder. 

1.  The  current  employed  must  be  of  the  very  gentlest,  and 
the  increase  must  be  slow  and  gradual.  The  bladder  is  often 
morbidly  sensitive,  and  anything  like  a  violent  shock  may 
produce  a  very  acute  cystitis. 


•  Med.  Time8  and  Gaz. 

t  C.  P.  B.  ClublK.',  in  London  Lancet. 

X  Edinburgh  Medical  Journal,  April  1881. 
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Faradism  has  been  employed  externally  with  good  effect 
in  some  cases  of  vesical  catarrh. 

Chronic  Cystitis.  Galvanism  is  best  adapted  to  this  con- 
dition. *  When  erosions  or  ulcers  of  the  vesical  mucous  mem- 
brane are  present,  faradism  must  not  be  applied.  When  there 
is  thickening  of  the  walls,  and  incontinence  without  ulceration, 
one  pole  may  be  placed  on  the  perineum,  the  other  over  the 
symphysis ;  or  one  over  symphysis  and  the  other  inserted  as  a 
catheter  into  the  bladder. 

Frequent  micturition,  where  no  special  cause  appears,  is 
best  treated  by  passing  a  weak  galvanic  current  from  the 
lumbar  region  to  the  region  of  the  bladder. 

Calculi.  It  is  more  than  eighty  years  since  experiments 
were  begun  to  determine  the  feasibility  of  dissolving  calculi 
within  the  bladder  by  means  of  electricity.  Prevost  and  Dumas 
made  the  most  complete  experiments  on  animals,  and  suc- 
ceeded in  one  or  two  instances.  Dr.  Bence  Jones,  following 
out  their  experiments,  determined  that  a  concentrated  solution 
of  nitrate  of  potash  is  the  best  in  which  to  plunge  calculi  of 
any  composition  in  order  to  dissolve  them  by  the  galvanic 
current.  There  are  no  reliable  records  of  experiments  made 
upon  living  human  beings  to  determine  whether  this  operation 
can  be  performed  with  safety.  Dr.  Melicher,  of  Vienna,  claims 
to  have  done  so,  but  no  particulars  are  reported.  The  dis- 
tressing pains  in  the  neck  of  the  bladder  attending  inflamma- 
tion, with  or  without  the  presence  of  stone,  are  materially 
alleviated  by  faradism  applied  to  the  dry  surface  over  the  bladder 
through  a  metallic  brush,  also  by  a  mild  galvanic  current  from  a 
belt.  In  the  latter  case  a  metal  electrode,  without  a  cover,  con- 
nected with  the  positive  pole,  is  fastened  over  the  os  pubis, 
and  the  negative,  enclosed  in  a  moist  cover,  is  fastened  to  some 
indiflferent  point.     It    must   be    applied   until  irritation  is  pro- 

•  OaUralblaUJur  Chir.  Med.,  No.  80,  1880. 
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duced,  and  may  be  worn  continually,  changing  the  location  of 
the  positive  a  little  from  time  to  time  to  prevent  the  formation 
of  a  troublesome  sore. 

Paralysis.  There  is  little  to  be  expected  from  electricity 
in  paralysis  of  the  bladder  due  to  brain  or  spinal  disease ;  but 
when  due  to  other  causes,  such  as  operations  on  the  bladder  or 
rectum,  pressure  during  childbirth,  or  to  ceitain  drugs,  electricity 
will  nearly  always  produce  a  cure. 

Galvanwrn,  If  the  cause  is  located  in  the  brain,  place  the 
negative  electrode  on  the  back  of  the  head  and  the  other  over 
the  OS  pubis ;  if  due  to  spinal  disease,  place  the  negative  on 
the  spine  below  the  diseased  portion  and  the  positive  as  before  ; 
when  the  disease  is  from  other  causes  apply  the  electrodes  as 
in  the  last  case,  or  both  may  be  applied  over  the  bladder 
a  little  distance  apart.  The  current  is  more  effective  when 
interrupted.  Five  minutes  is  ordinarily  suiBcient  for  each 
sitting. 

Famdi^n  may  be  applied  with  the  electrodes  located  respec- 
tively over  the  lumbar  vertebrae  and  the  os  pubis.  Both  forms 
of  electricity  are  applied  internally  according  to  the  following 
method :  The  bladder  is  first  emptied  and  afterward  filled  with 
warm  water ;  the  patient  lies  upon  the  back  with  an  electrode 
applied  to  the  small  of  the  back ;  a  urethral  electrode  is  intro- 
duced within  the  bladder,  the  water  diffuses  the  current  to  all 
j>arts  of  the  vesical  membrane.  The  current  must  be  very  mild 
and  the  application  short  When  paralysis  is  caused  by  over- 
distention,  this  method  of  applying  a  faradic  current  within 
the  bladder  will  be  the  most  successful.  When  there  is 
inability  to  expel  tlie  contents  of  the  bladder  from  this  cause, 
nxiuiring  the  use  of  the  catheter,  the  electrode  shown  in  Fig.  IIS 
will  W  found  a  serviceable  instrument  for  the  double  purpose 
of  convoying  a  current  to  the  bladder  and  relieving  it  of  its 
cv>ntents. 
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Franklini-sm^  according  to  Arthius,  is  exceedingly  efficacious 
in  paralysis  of  the  oladder  not  due  to  organic  disease  of  the 
brain  or  spinal  cord. 

Inoontinence  of  Urine. — Faradism.  A  primary  faradic 
current,  with  one  pole  applied  in  the  lower  third  of  the  rectum 
in  the  male,  or  to  the  meatus  urinarius  in  the  female,  and  the 
other  over  the  os  pubis,  will  sometimes  relieve  when  the  trouble 
is  the  result  of  debility,  and  especially  if  there  is  almost  no 
control  over  the  bladder.  Sometimes  it  answers  an  excellent 
purpose  to  employ  the  electric  brush  on  the  dry  surface  over 
the  hypogastric  region,   the  opposite  pole  being  on  the  spine. 

Galvanism.  The  galvanic  belt  sometimes  proves  useful  in 
these  cases,  one  broad  flat  electrode  being  fastened  over  the 
bladder  and  an  oblong  one  over  the  lumbar  spine,  and  both  con- 
nectefl  with  the  belt.  Only  a  few  cells  should  be  included  in 
the  circuit  at  first ;  the  number  may  be  increased  as  the  current 
falls.  This  application  of  galvanism  is  continued  for  weeks  at 
a  time,  with  a  view  to  bringing  about  nutritive  changes  in  the 
muscular  tissue. 

Hypertrophy  of  the  Prostate. — Electrolysis,  Dr.  Bredert* 
reports  five  cases  of  senile  hypertrophies  of  the  prostate,  in 
which  either  one  or  both  lobes  of  the  gland  were  enlarged ; 
and  in  all  of  these  catheterization  was  impossible  or  could  only 
be  performed  with  great  difficulty  by  bending  the  instrument. 
He  inserted  a  needle  electrode,  insulated  except  at  the  point, 
which  he  pushed  into  the  enlarged  gland.  This  was  connected 
with  the  negative  pole  of  the  battery,  while  the  positive  was 
applied  to  the  abdomen.  The  diminution  of  the  organ  took 
place  with  astonishing  rapidity.  In  one  case  it  occurred  after 
the  third  application.  Hypertrophy  of  prostate,  in  recent 
cases,  may  be  reduced  by  the  measures  recommended  for  the 
reduction  of  other  hypertrophied  glands.    The  electrode  intro- 

•BerifnKtin.  Woch. 
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duced  into  the  middle  third  of  the  rectum  conveys  a  current 
directly  to  the  prostate. 

Irritable  Urethra.  —  Gai/ocmism.  This  condition  of  the 
urethra  can  be  relieved  by  a  properly  applied  mild  galvanic 
current.  In  some  cases,  where  it  is  impossible  to  make  a  locai 
application,  owing  to  the  excessive  sensitiveness  of  the  urethra, 
a  few  galvanic  water  baths  will  subdue  the  sensitiveness  siii- 
nciently  to  permit  the  introduction  of  the  sound,  Fig.  119. 
This  instrument  should  be  warmed  and  oiled  before  attempt- 
ing to  introduce  it.  The  negative  pole  may  be  connected  with 
the  sound  after  it  is  in  place  ;  the  circuit  must  be  closed  by 
placing  the  positive  on  the  lower  part  of  the  spine,  and  opened 
by  removing  it  before  the  sound  is  withdrawn  from  the  urethra. 
Two  or  three  zinc-carbon  cells  are  sufficient,  and  it  is  advisa- 
ble to  carry  the  current  through  a  rheostat  to  prevent  elec- 
trolysis of  the  urethral  canal.  The  current  should  not  be 
continued  longer  than  five  minutes. 

Gleet. —  Galvanism.  Dr.  Blackwood*  advocates  the  treat- 
ment of  gleet  by  electricity.  He  proceeds  as  follows :  A  sound 
(see  Fig.  119),  slightly  oiled,  and  which  fully  distends  the 
stricture  or  canal,  is  passed.  The  negative  pole  is  attached  to 
the  sound.  The  positive  pole  or  sponge  should  be  wet  with 
warm  water,  and  a  current  which  is  plainly  felt,  but  not  pain- 
ful, used.  If  an  area  is  found  more  sensitive  than  the  remain- 
ing tract,  this  portion  should  receive  especial  attention.  The 
application  should  last  from  fifteen  to  thirty  minutes.  The 
bowels  should  be  kept  lax,  all  excesses  prohibited,  and  non- 
stimulating  food  be  taken. 

Stricture  of  Urethra. — Electrolysis.  The  results  of  treat* 
ing  stricture  are  very  satisfactory  and  more  permanent  than 
when  dilatation  alone  is  employed.  Its  advocates  claim  for 
this    operation    freedom   from   pain,   hemorrhage,    febrile  reac- 

*  Phila.  Med.  Times,  November  1882, 
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tion,  or  any  ill  effect,  if  conducted  with  ordinary  skill.  The 
patient  is  not  confined  to  his  bed  after  the  operation  and  can 
pass  water  immediately  after  it.  Dr.  Newman,*  who  has 
done  most  to  direct  the  attention  of  the  profession  to  this 
subject,  makes  these  valuable  suggestions : 

1.  Before  operacing,  the  susceptibility  of  the  patient  to  the 
electric  current  should  be  tested. 

2.  The  problem  is  to  produce  absorption,  and  not  cautery ; 
therefore,  weak  currents  at  long  intervals  are  best. 

3.  The  best  position  for  the  patient  to  assume  during  the 
operation  is  that  which  is  most  comfortable  to  him  and  the 
operator.     It  may  be  either  the  erect  or  recumbent. 

4.  Anaesthetics  are  to  be  avoided,  as  it  is  better  to  have 
the  patient  conscious  and  able  to  tell  how  he  feels.  Care  must 
be  taken  to  keep  the  electrode  in  line,  so  that  the  point  will 
not  deviate  and  make  a  false  passage. 

6.  Force  should  never  be  used.  The  bougie  must  be  guided 
in  the  most  gentle  way,  and  electricity  alone  be  allowed  to  do 
the  work. 

6.  During  one  stance  two  electrodes  in  succession  should 
never  be  used. 

7.  It  must  not  be  forgotten  to  stop  the  current  before  withr 
drawing  the  electrode^  otherwise  acute  pain  will  be  induced  in 
the  course  of  the  urethra,  which  often  remains  some  time. 
Pain  should  never  be  inflicted  during  electrolysis;  therefore 
it  should  not  be  applied  when  the  urethra  is  in  an  acute  or 
even  subacute  inflammatory  condition. 

8.  It  is  well  to  leave  a  little  urine  in  the  bladder.  It 
serves  to  diffuse  the  stimulus  and  is  more  agreeable  to  the 
patient  than  when  the  bladder  is  empty. 

Dr.  W.  II.  Dukeman,t  of  Olean,  N.  Y.,  reports  a  remark- 
able case  treated  successfully  aft;er  this  method:    The  patient, 

*V.E.  Med.  Monthly, 

^The  Medical  Record,  June  28,  1883. 
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aged  sixty-five,  had  suflfered  from  ptrictnre  twenty-five  years. 
Four  distinct  strictures  were  discovered.  An  insulated  urethral 
electrode,  tipped  with  a  No.  9  olive  (French  scale),  was  intro- 
duced and  arrested  at  the  third  stricture.  The  negative  pole 
of  a  Mcintosh  galvanic  battery  was  connected  with  the  urethral 
electrode,  six  cells  were  included  in  circuit  and  the  circuit 
completed  by  placing  a  large  wet  sponge  electrode  on  the  left 
thigh  ;  after  eighteen  minutes  it  passed  through  the  third  stric- 
ture but  was  arrested  at  the  fourth,  which  it  failed  to  pass 
after  fifteen  minutes'  steady  application  of  the  current.  The 
patient  returned  next  day  for  further  treatment  A  No.  3 
French  filiform  bougie  on  trial  failed  to  pass  the  fourth  stricture, 
and  the  current  was  reapplied  as  on  the  previous  day  ;  the 
current  was  increased  cell  by  cell  until  twelve  were  included 
in  circuit ;  the  electrode  entered  the  bladder  at  the  end  of  nine- 
teen minutes.  The  patient  did  well  in  every  respect,  and  at  in- 
tervals of  one  week  were  passed  a  No.  13  olive  (French  scale),  a 
No.  17  and  lastly  a  No.  21,  when  the  operation  was  considered 
complete,  the  patient  being  entirely  relieved.  It  is  importarvt 
that  the  negative  pole  he  connected  with  the  urethral  electrode^ 
otherwise  it  will  hecorne  glued  to  the  tissues  so  that  it  cannot 
be  removed  without  violence^  and  the  cicatrix^  which  forms 
where  the  j>ositive  has  been  applied^  is  liable  to  contract  and 
form  a  worse  stricture  tfuin  the  one  it  was  intended  to  remove. 

Impotence. — Oalvanism.  Dr.  Kobert  Newman*  has  pub- 
lished a  series  of  valuable  articles  on  impotence,  which  he 
defines  as  "any  deviation  from  the  normal  status  of  sexual 
vigor."  He  prefers  galvanism,  and  when  an  interrupted  current 
is  needed,  he  makes  use  of  the  automatic  rheotome.  He  ex- 
cludes from  the  cases  to  which  electricity  is  adapted  — 

1.  Males  in  whom  sexual  vigor  never  existed,  as  in  con- 
firenital  malformations. 


♦  The  JHanet,  Nov.  15, 1883. 
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2.  Tliose  cases  dependent  on  the  decay  of  age. 

3.  Mutilation,  or  loss  of  parts  by  accident. 

4.  Diseases  of  testicles. 

5.  Those  cases  in  which  impotence  is  only  a  symptom  of 
other  grave  diseases,  as  ataxia,  diabetes,  etc. 

We  have  tliree  centers  governing  erection  : 

1.  Nerve  centers  in  cerebrum  {P&ychical). 

2.  Lumbar  plexus,  presiding  direct  over  erection. 

3.  Peripheric  nerves  of  genitals. 

The  mechanism  of  erection  is  not  merely  a  retention  of 
venous  blood,  but  more  an  afflux  of  arterial  blood  into  the 
elastic  erectile  tissues  of  the  penis,  which  is  well  recognized  by 
our  modem  physiologists.*  But  this  mechanism  cannot  take 
place  by  itself,  and  is  induced  and  governed  by  the  power  of 
the  nervous  system,  as  explained.  This  knowledge  is  of  the 
greatest  importance  in  making  a  correct  diagnosis,  and  select- 
ing the  course  of  an  intelligent  treatment,  both  of  which  can 
be  accomplished  by  electricity. 

He  uses  a  galvanic  battery  of  twenty  or  more  zinc-carbon 
cells.  The  electro-sensibility  will  decide  how  many  cells  are 
needed.  The  current  of  six  cells  may  be  sufficient,  while 
another  case  needs  thirty  cells.  Twelve  to  sixteen  cells  are 
used  generally  as  an  average.  The  strength  of  the  current 
must  always  be  regulated,  and  on  some  points  of  applications 
in  the  ^ame  patient,  made  stronger  or  weaker,  according  to  his 
sensibility.     The  duration  of  each  seance  is  about  ten  minutes. 

The  electric  brush  has  done  excellent  service  in  those 
patients  who  had  lost  almost  the  entire  sensation  in  genitals, 
with  impaired  nutrition  and  atrophy  of  the  parts.  Strong  cur- 
rents of  galvanism  made  no  impression,  and  caused  no  sensa- 
tion, but  the  cautious  use  of  the  electric  brush,  alternated  with 
galvanic  interniptions,  restored  the  power  and  finally  cured. 

^Flint's  Textbook  on  Pbysiology,  page  108. 
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He  mentions  another  method,  which  is  even  more  powerful 
in  its  tonic  action  than  any  other. 

Tlie  positive  sponge  electrode  is  placed  on  the  back,  and 
as  negative  pole  an  insulated  urethral  electrode  is  introduced 
into  the  urethra  (Fig.  113).  The  duration  of  such  a  seance  is 
from  five  to  ten  minutes,  as  a  rule. 

Such  applications  are  not  repeated  often,  and  only  given  in 
intervals  of  one  to  three  weeks.  Meanwhile,  the  external  appli- 
cations are  given  as  described  before,  about  four  times  a  week. 
If  an  insulated  electrode  is  used,  the  power  of  galvanism  is 
concentrated  at  one  point,  covered  by  the  olive,  and  this 
place  has  the  full  benefit,  and  may  be  even  cauterized  if  the 
current  is  strong  enough. 

The  simple  nickel-plated  sound  (Fig.  119),  not  insulated  at 
all,  as  negative  pole  in  the  urethra  is  preferable  when  it  is  desired 
to  difliise  the  electric  current  through  the  whole  urethra,  or 
even  to  the  whole  member.  The  advantage  of  this  procedure 
is  that  it  exerts  a  tonic  eflfect  on  a  large  surface  and  grgups  of 
muscles,  while  at  the  same  time  the  current  can  be  used 
stronger.  If  the  penis  is  cold,  numb,  atrophied,  in  fact  almost 
lifeless  and  useless,  this  method  will  give  the  best  chance  for 
recovery,  in  combination  with  other  applications  referred  to 
before. 

77ie  prognosis  of  these  cases  of  impotence  under  considera- 
tion is  favorable  in  almost  all  instances;  this  means  that 
impaired  vigor,  or  functional  impotence,  will  be  cured  under 
judicious  treatment,  if  there  is  not  complete  paralysis. 

JFaradlmi,  Dr.  Willianj  F.  Hutchinson  *  remarks  that  for 
nearly  ten  years  he  has  used  the  faradic  current  in  the  treat- 
ment of  impotence.  He  prefers  a  current  as  strong  as  a  patient 
can  bear  without  pain  and  without  shocks.  He  applies  a  large 
negative  sponge   electrode   under    the    lumbar    vertebrae,    the 

•N.  E.  Med.  Monthly,  October  15, 1888. 
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patient  being  comfortably  recumbent,  and  for  the  positive  a 
pad  of  snrgeon's  sponge  moistened  is  pressed  against  the  glans. 
The  result  is  a  strong  stimulation  of  those  branches  of  the 
sacral  plexus  composing  the  genito-urinaiy  tract,  and  a  cor- 
responding increase  in  muscular  nutrition.  The  penis  becomes 
turgid,  the  dartos  contracted,  and  a  close  watch  must  be  kept 
upon  the  patient,  lest  by  continuing  the  application  too  long 
an  emission  be  produced.  By  discontinuing  the  current  after 
five  minutes,  or  by  increasing  the  electro-motive  force  until  it 
becomes  painful,  this  result  may  be  avoided.  By  a  steady  per- 
sistence for  several  months  in  this  form  ol  treatment,  he  had 
succeeded  in  completely  restoring  several  patients.  The  appli- 
cations should  be  made  daily. 

Dr.  A.  Gunther,  of  Zurich,  places  the  testes  between  two 
wet  sponge  electrodes,  or  applies  the  faradic  current  direct  to 
the  glans,  according  to  the  indications. 

Franklinisin  fiimishes  a  most  valuable  means  for  the  relief 
of  impotence,  according  to  Dr.  Vance. 

Spermatorrhea. —  Gal/vaniam.  All  sources  of  irritation  of 
the  genital  organs,  such  as  stricture,  piles,  constipation,  acrid 
urine,  must  be  removed  before  any  treatment  will  relieve  sper- 
matorrhea except  temporarily.  Non-stimulating  diet  should  be 
insisted  upon  ;  intoxicating  drinks,  excessive  use  of  tobacco 
and  all  excesses  must  be  prohibited,  and  the  bladder  thorouglily 
emptied  before  retiring.  In  some  cases  it  will  be  well  to 
direct  the  urine  to  be  voided  whenever  the  patient  awakes 
during  the  night.  A  mild  galvanic  current  should  be  applied 
three  times  a  week,  the  positive  electrode  at  the  lumbar  sacral 
promontory,  and  the  negative  to  the  perineum  and  supra-pubic 
region  alternately.  It  will  require  about  tliree  months  to  effect 
a  cure. 

Neuralgia  of  the  Testes. — GalvamHin,  This  very  painful 
affection  may  be  relieved  by  tlie  uninterrupted  galvanic  current 
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The  testicles  are  extremely  sensitive  to  electricity,  aDd  the  pains 
excited  by  a  careless  application  extend  to  the  loins  and  are 
exceedingly  disagreeable  to  the  patient.  The  best  metliod  of 
electrizing  them  is  to  immerse  them  in  warm  water  contained 
in  a  cup  of  suitable  shape,  wliich  is  connected  with  one  pole 
of  the  battery  in  the  same  manner  as  the  eye-cup.  A  yery 
mild  current  should  be  employed.  The  positive  pole  may  be 
connected  witli  the  cup,  and  the  negative  be  held  in  the  hand 
or  placed  on  the  tliigh,  or  the  positive  may  be  placed  on  the 
lower  part  of  the  spine  and  the  negative  connected  with  the  cup. 

Hydrocele.  Tliere  are  three  methods  employed :  1.  JEleo- 
trolysis^  needles  attached  to  both  poles  being  introduced  into 
the  sac.  2.  Electrolysis  with  the  negative  needle  only  intro- 
duced. 3.  Farado-puncture^  i.e.,  a  faradic  current  applied  to 
needles  introduced  into  tlie  sac.  Whichever  method  is  selected 
it  is  essential  that  the  needles  penetrate  into  the  fluid,  and 
that  they  be  insulated  at  the  point  where  they  pass  through 
the  scrotal  walls. 

The  Galvanic  Bandage,  Mr.  S.  Osbom  read  before  the 
London  Medical  Society  notes  of  two  cases  of  hydrocele  cured 
by  single  tapping,  with  the  subsequent  use  of  the  galvano- 
suspension  bandage.  The  first  was  a  case  of  hydrocele  of  the 
tunica  vaginalis,  which  had  been  present  for  seven  or  eight 
3'ears;  and  the  second  was  a  case  of  double  encysted  hydro- 
cele, present  for  six  years.  Both  patients  were  aflected  with 
rupture  on  the  same  side  as  the  hydrocele,  showing  a  preter- 
natural weakness  of  the  parts  in  the  vicinity.  The  ages 
were  seventy  and  sixty-three  respectively.  After  tapping  and 
manipulation  the  galvanic  suspensory  bandage  was  applied. 
The  galvanism  was  believed  not  only  to  cause  contraction  of 
the  muscular  fibers  of  the  scrotum,  but  to  impart  a  healthy 
action  to  the  serous  sac,  aiding  absorption.  Mr.  Osbom  recom- 
mended a  trial  of  this  bandage  m  other  diseases  of  the  testicle^ 
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such  as  varicocele  and  neuralgia.  The  galvano-suspension 
bandage  referred  to  is  supplied  with  the  Mcintosh  Gal- 
yanic  Belt. 

THE    UTEBU8    AND    ITS    APPENDAGES. 

Rohrig*  demonstrated  that  the  center  of  uterine  action  is 
in  the  lumbar  spinal  cord.  Stimulation  as  high  up  as  the 
medulla,  and  even  as  far  as  the  crura  cerebri  and  optic  thalmi, 
also  gives  rise  to  slight  uterine  contraction,  probably  due  to 
indirect  stimulation  of  the  lumbar  center. f  Experiments  on 
lower  animals  indicate  that  impulses  may  pass  from  the  cen- 
tral nervous  system  to  the  utenis  along  the  sympathetic,  from 
the  inferior  mesenteric  ganglion,  and  also  along  branches  of 
the  sacral  nerves,  respectively,  to  the  hypogastric  plexus.  :j:  M. 
Dembo§  has  endeavored  to  decide  the  question,  upon  which 
authors  differ,  as  to  the  influence  of  electricity  upon  the  uterus, 
whether  empty  or  pregnant.  His  conclusions  are  that  it  is 
impossible  to  excite  contractions  in  the  non-pregnant  uterus 
by  a  faradic  current  applied  through  the  abdominal  walls.  If 
both  electrodes  are  applied  to  the  anterior  (vesical)  wall  of  the 
vagina,  a  manifest  contraction  is  produced  in  both  parts  of  the 
uterus,  vermicular  in  character,  passing  from  below  upward.  If 
the  current  be  applied  to  either  lateral  wall  of  the  vagina,  a 
contraction  is  produced  only  in  the  corresponding  comu.  Fara- 
dization of  the  vaginal  wall  caused  pallor  of  the  mucous  mem- 
brane and  also  of  the  whole  uterus,  due  apparently  to  contraction 
of  the  vessels,  but  no  contraction  of  the  substance  of  the  uterus 
occurs.  Frankenhauser  found  that  stimulation  of  the  aortic 
plexus  (see  Fig.  73)  caused  a  manifest  contraction  of  both 
comua.     The  hypogastric  plexus  lying  in  front  of  the  sacrum 

•Virchow'8  Archlv.,  1879. 
fKOmer,  Studien  Phys.  Inst.  Breslau,  lli,  34. 
:  Basch  and  HofYnan,  WIen.  Med.  Jahrb.,  1877. 
k  The  Lancet. 
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fornislies  the  nerves  distributed  to  the  nterns  and  vagina,  and 
here  Budge  and  "Wall  located  the  genito-spinal  center.  Elec- 
tricity may  be  conducted  to  these  organs  by  locating  one  large 
electrode  on  the  sacrum  and  another  in  front  of  the  abdomen, 
over  the  pubic  arch,  or  the  current  applied  in  front  may 
be  divided  by  means  of  a  bifurcated  cord  between  two  elec- 
trodes, one  being  located  in  each  inguinal  region.  Another 
method  of  electrizing  these  organs  is  to  introduce  one  electrode 
into  the  upper  third  of  the  rectum,  where  the  current  is  divided 
between  the  sacral  nerves  and  the  posterior  surface  of  the  uterus 
and  its  appendages,  the  alternate  electrode  being  located  as 
before. 


Fig.  118. 


Length,  11  inches. 
UTERINE  OR  URETHRAL  ELECTRODE. 

This  is  an  inflexible  metallic  rod  insulated  with  hard  black  rubber.  Its  diameter 
equals  a  No.  9  olive  (French  scale).  It  is  curved  at  one  end,  and  terminates  in  a  smaU 
screw  that  flts  olives  of  any  size. 

M.  Apostoli*  recommends,  instead  of  the  unipolar  method 
of  faradizati(^n,  in  which  one  pole  is  placed  in  the  uterus 
and  the  other  pole  on  the  abdomen,  the  bipolar  method, 
in  which  both  poles  are  carried  into  the  uterus.  It  is  claimed 
for  this  new  method  : 

1.  That  it  is  more  easily  employed,  and  does  away  with 
the  necessity  of  an  assistant 

2.  That  it  is  less  painful. 

3.  That  it  is  nioro  active,  localizes  the  action  of  the  elec- 
tricity in  the  uterus,  permits  of  an  easy  elevation  of  the  intensity 
of  the  electricity  to  the  maximum  point,  which  was  only  rarely 
possible  by  the  unipolar  method. 

♦  Gazette  Dea  Hopitaux,  February  1883. 
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4.  It  is  more  effective  in  increasing  uterine  contractiKty 
and  in  securing  the  therapeutic  effects  for  which  it  is  directed. 
The  electrode  illustrated  in  Fig.  116  may  be  used  for  this  purpose. 

DISEASES    m    WHICH    ELECrrBICITY    IS    BENEFICIAL. 


Atrophy  of  uterus, 
Hypertrophy, 
Sub-involution, 
Irritable  uterus. 


Menstrual  derangements. 

Labor, 

Leucorrhea, 

Vaginismus, 


Ulceration, 
Polypi, 
Fibroids, 
Displacements. 


Fig.  U4. 

Length,  11  inches. 
SPIRAL  FLEXIBLE  UTERINE  OR  URETHRAL  ELECTRODE. 

The  stem  of  this  electrode  is  made  of  closely-coUed  wire,  which  renders  it  perliBcUy 
flexible  while  preserving  a  sufficient  degree  of  firmness.  It  is  covered  with  soft  rubber, 
which  insulates  it  perfectly  without  interfering  with  its  flexibility.  The  terminal  screw 
fits  olives  of  aU  sizes.    The  diameter  is  equal  to  a  No.  16  olive  (French  scale). 

Nearly  all  the  diseases  of  the  uterus  and  its  appendages 
require  the  methodical  application  of  electricity  for  several 
months  before  its  remedial  power  will  be  exhausted.  Its  chief 
effect  is  accomplished  through  the  improved  nutritive  changes 
which  it  sets  up,  and  these  are  necessarily  slow.  Functional 
disorders  may  be  relieved  quite  promptly  by  a  properly-select- 
ed current.  General  faradization  and  central  galvanization  will 
be  found  especially  useful  in  subduing  the  sympathetic  dis- 
turbances which  accompany  disease  of  these  organs,  and  treat- 
ment should  be  used  not  only  to  overcome  or  relieve  attacks 
of  suffering  or  check  a  hemorrhage,  but  in  the  intervals  to 
improve  the  morbid  condition  upon  which  the  disease  depends. 
The  practitioner  who  relies  solely  on  local  applications  and  a 
single  form  of  electricity  will  meet  with  frequent  failures  wliere, 
under  other  circumstances,  he  would  have  been  rewarded  with 
success. 

Atrophy  of  the  Uterus.     Galvanism  has   been   used  suc- 
cessfully, more  especially  in  cases  of  undeveloped  uterus,  than 
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when  atrophy  has  rcsnlted  after  the  establishment  of  the 
monthlies.  An  insulated  electrode,  like  the  one  shown  in  Fig. 
114,  is  introduced  into  the  uterus  and  connected  with  the 
negative  pole  of  the  battery ;  the  circuit  is  completed  by  passing 
the  positive  electrode  alternately  over  the  abdomen  in  the 
ovarian  region  and  over  the  lumbar  vertebrse.  An  interrupted 
current  from  twelve  to  fifteen  zinc-carbon  cells  may  be  used  if 
it  can  be  borne;  the  sitting  may  continue  fifteen  minutes  and 
be  repeated  twice  a  week.  If  the  patient  begins  to  complain 
of  pain  in  the  back,  with  a  feeling  of  tension  and  uneasiness 
in  the  hypogastric  region,  indicating  an  attempt  at  menstruation, 
it  is  well  to  substitute  the  faradic  current  for  one  or  two  sittings, 
discontinuing  all  treatment  on  the  appearance  of  a  colored 
discharge  for  one  week,  then  resume  galvanism  once  a  week 
as  before.  This  method  of  treatment  will  generally  succeed, 
although  it  may  require  many  months  to  establish  a  regular 
return  of  the  menses.  Galvanic  baths  given  in  the  tub,  with 
the  cun-ent  directed  through  the  electrodes  opposite  the  hips, 
the  patient  lying  on  one  side  meantime,  and  repeated  twice  a 
week  for  several  months,  is  an  efficient  and  much  moi-e  agree- 
able mode  of  treatment  than  the  one  previously  described. 


»»» 


Fig.  115. 

OLIVES. 

These  are  made  of  brass,  nickel-plated,  and  are  of  all  sizes,  to  correspond  with  the 
American  and  French  scales.  They  contain  a  socket  cut  in  threads  to  receive  a  screw. 
Caution :  Olives  should  be  firmly  attached  to  the  electrodes;  if  the  screw  dcAsa  not  fit  per- 
fectly there  is  danger  of  losing  them  off  within  the  bladder  or  urethra. 

Amenorrhea.  In  the  case  of  young  girls,  it  is  adriflable  to 
apply  electricity  by  the  external  method,  one  pole  boing  located 
over  the  hypogastric  plexus  and  the  other  the  ovariefi ;  at  the 
same  time  the  current  may  be  applied  through  the  phrenic 
nerve.     Central  galvanization   is   so  useful  a  measure  that  the 
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physician  is  not  justified  in  employing  electricity  locally  in 
these  cases  nntil  a  faitlifdl  trial  of  the  above  measures  make 
it  evident  that  there  is  no  other  alternative.  The  hot-air  elec- 
tric bath  is  indicated  if  there  is  reason  to  believe  the  non- 
appearance of  the  monthlies  is  due  to  a  cold. 


Fio.  116. 

DOUBLE  ELASTIC  VESICAL  ELECTRODE. 

This  instniment  consists  of  a  flattened  black  hard-rubber  tube,  10  inches  long,  with 
a  diameter  equal  to  a  No.  22  olive  through  which  passes  two  wires  12  inches  long,  insulated 
with  hard  rubber,  each  terminating  at  one  end  in  a  half  olive,  permanently  and  securely 
iiutened  to  them,  and  at  the  other  end,  in  a  socket  for  connection  with  a  conducting  cord. 
Before  introduction  into  the  bladder  or  uterus  the  wires  are  drawn  back  so  that  the  terminal 
tips  touch  and  form  a  No.  23  olive  at  the  end  of  the  common  tube ;  after  introduction  the 
wires  are  pushed  through  the  tube:  this  separates  the  terminal  tips,  which  now  represent 
the  two  poles  of  the  battery  with  which  they  are  connected. 

Oal/mnism.  Dr.  R.  R.  Good*  reports  excellent  success  in 
the  treatment  of  this  affection  when  it  is  due  to  inertia  of  the 
utero-ovarian  apparatus,  disturbance  in  circulation,  or  to  defective 
nutrition.  It  would  be  useless  to  resort  to  galvanism  when  the 
disorder  originated  in  mechanical  obstruction.  From  five  to 
forty  sittings  are  required  to  eflect  a  cure.  His  method  is  to 
employ  the  descending  current,  witli  twenty  to  thirty  elements 
for  the  upper  part  of  the  spine,  the  lumbar  and  ovarian  regions, 
and  from  six  to  ten  elements  for  the  sympathetic  nerve,  applied 
along  the  inner  border  of  the    stemo-cleido-mastoid  muscle. 

The  method  of  internal  application  varies,  some  operators 
nsing  the  faradic  current  only,  some  the  galvanic,  and  others 
alternate  the  two.  The  current  may  be  directed  to  the  vagina 
through  a  vaginal  electrode  (Fig.  121X  to  the  cervix  through 
electrode  shown  in  Fig.  124,  or  within  the  cervical  canal  by 
those  shown  in  Figs.  114  and  125.  The  external  electrode 
may  be  located  over  the  sacrum  or  any  portion  of  the  spine, 

•Med.  Timet  and  Ckxz.,  1880. 
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or  applied  over  the  uterine  or  ovarian  region  on  the  anterior 
surface  of  the  abdomen.  Amenorrhea  in  women  from  thirty 
to  thirty-five,  with  a  tendency  to  obesity,  is  sometimes  relieved, 
according  to  Dr.  Goodell*  by  the  galvanic  pessary. 


Fig.  117. 
NEW  STYLE  ELECTRODE  FOR  STRICTURE. 

This  electrode  is  pronounced,  by  those  who  have  employed  it, better  suited  to  the  treat- 
ment of  stricture  than  any  other  form.  It  consists  of  a  black  hard-rubber  doeed  tube  11 
inches  long,  within  which  is  enclosed  a  metal  rod  that  may  be  connected  with  the  negative 
pole  of  the  battery.  At  the  closed  end  of  the  tube  are  three  long  and  wide  slots ;  when  the 
circuit  is  complete,  el«  ctrolysis  of  the  secretions  within  the  urethra  around  these  slots  takes 
place,  and  the  stricture  is  acted  upon  without  direct  contact  with  the  metal.  It  is  claimed 
that  there  is  less  danger  of  making  a  false  passage  with  this  instrument  than  with  the  usual 
form  of  urethral  electrode,  and  that  it  is  equally  as  effectiTe. 

Menorrhagia. — Faradmn,  Electricity  is  especially  indicated 
in  those  cases  of  passive  hemorrhage  not  dependent  upon 
organic  changes.  The  current  applied  to  the  abdominal  muscles 
so  as  to  produce  vigorous  but  not  painful  contractions,  for  fifteen 
minutes  at  a  time,  and  repeated  two  or  three  times  per  week, 
will  frequently  produce  an  immediate  diminution  in  the  flow, 
and,  if  persevered  in,  a  cure.  It  will  sometimes  be  more  eflfective 
applied  within  the  vagina  or  cervix.  General  applications  of 
faradism  or  galvanism,  selected  according  to  the  symptoms  of 
the  case,  are  an  important  aid  in  removing  accompanying 
debility.  If  the  patient  takes  little  exercise  and  has  sluggish 
circulation,  general  faradization  is  commonly  indicated  ;  if,  on 
the  contrary,  she  is  of  active  habits,  and  especially  if  the  con- 
dition  has  been  induced  by  over-exertion,  central  ffahanization 
to  improve  nutrition  is  preferable. 

It  may  be  necessary  to  continue  treatment  for  several  months 
before  the  nutrition  of  the  uterus  is  sufficiently  improved  to 
put  an  end  to  excessive  flow,  but  as  the  result  is  permanent 

*  PfiUa.  Med.  Times,  1888. 
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when  accomplished  by  this  method,   it  is  well  worth   the  per- 
severance required  in  carrying  it  out.     (See  appendix.) 

Dysmenorrhea. — Faradlam.  Karl  Kihn,*  having  had  op- 
portunities to  test  the  value  of  the  faradic  current,  both  in 
dysmenorrhea  and  amenorrhea,  advises  it  used  in  connection 
with  hot  infusions  of  juniperacese  and  warm  foot-baths.  He 
places  one  electrode  in  the  hand  of  the  patient  and  the  other 
in  the  water  of  the  foot-bath.  In  a  number  ot  instances  this 
simple  measure  increased  the  flow,  relieved  the  pain,  and  es- 
tablished a  regular  and  comparatively  comfortable  return  of 
^he  periods. 


Fig.  118. 

catheter  electrode 

ThiB  InBtruxnent  is  an  ordinary  silver  catheter,  to  which  is  attached  a  holder  a  to 
rtteeive  a  condacting  cord ;  a  rubber  tabe  may  be  connected  with  h  to  convey  the  urine 
Usio  a  receptacle.  When  it  is  desirable  to  prevent  the  current  from  affecting  the  urethra, 
U^  instrument  may  be  insulated,  except  at  the  perforated  extremity,  with  the  same 
n»]iterlal  that  is  used  for  electrolysis  needles. 

Dr.  Wm.  R.  D.  Blackwood  f  is  an  enthusiastic  advocate  of 
electrical  treatment  in   all   forms  of  dysmenorrhea,  except  the 
membranous  variety.      He   employs   faradism,  galvanism   and 
franklinism,    and  bases   his   conclusions   on   an   experience  of 
more  than  fifteen   years.     He  believes  the  applications  should 
be  made   directly,  one   pole   being   applied  to  the   exterior  of 
the  cervix,  £o  the  cervical    canal   at   any  desired  point,  to  the 
fundus,  or  to   the  ovaiy  (which   can  be  reached  near  enough 
by  pushing  the  instrument  well  up  on  either  side  of  the  cervix), 
while  the  other  is  applied  both  to  the  hypogastrium  and  lumbar 
spine  by  means  of  two  sponge-holders  attached  to  a  bifurcated 
cord. 


^AUg.  Med.  Cent.  Zeltung,  Nov.  10,  1880. 
\Phaa,  Med.  Timet,  Jan.  1880. 
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The  direction  of  the  &radic  current  is  a  matter  of  no  mo- 
ment, bat  the  galvanic  current  appears  to  produce  different 
results,  according  as  it  is  ascending  or  descending.  In 
neuralgic  cases  the  rheotome  is  necessary,  and  more  or  less 
frequent  reversion  of  the  current  heightens  its  valoe,  while  in 
eoH^^^ticn  a  downward  uninterrupted  current  is  better.  Static 
electricitT  is  a  most  valuable  but  neglected  method  in  neuralgia, 
not  alone  of  uterine  origin,  but  of  all  types,  and  will  often 
succeed  after  the  £ulure  of  other  proceedings. 


AUJCSOrXD. 

Tliis  is  MS.  crdfnArr  nlekcH>2ascd  scostd  with  ft  screw  aoaeluDfextt.  wkieh  fiCi 
Ckcnina  »  re^txirvti  in  eocTtnric^  ft  fftlrftoic  cuErent  thraqgh  ihm 
eitfetrQlTSBf  of  lb*  encire  ozvttiral  membcAae  be  pcudoecd. 

G^ilfyinijfm  is  scvnetimes  indispensable  in  these  casea.  It 
is  employed  during  the  attack  to  quiet  the  pain,  and  two  or 
tkrte  times  weekly,  in  the  intervals*  to  prevent  a  return  of  suf- 
fering. One  pole  may  be  introduced  into  the  uten»«  the  odier 
being  applied  to  the  Ixmibar  spine,  and  a  current  ijt  from  ten 
to  twenty  volts  passed  t<>r  ten  minutes.  Electro-thermal  badis 
of  all  kinds,  but  especially  the  water,  or  vapor  electric  batfaa^ 
taken  at  intervals  tor  several  months,  relieve  cases  not  depen* 
dent  up»>n  obstruction. 

TA.rEsrsMrs^ — Galca/ki^m.  Cases  of  excessive  bypersesthesia 
of  vagina,  accompanied  by  vaginismus*  forbidding  all  examination 
of  the  parts,  have  been  relieved  by  this  procedure :  GoDtted 
the  vaginal  electrode  (Fig.  121^  with  the  negative  post  of  titm 
battery  and  apply,  after  warming  it*  to  the  oridce  of  the  vulva. 
Place  the  pt.>sitive  electrode  in  poisition  C,  Fig.  150.  and  do^e  the 
circuit,  including  not  more  than  khit  treshly-cfaarged  zinc  and 
carbon  cells,  or  six  that  have  been  used  some  time.    Do  xmjC  eaeit 
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any  force  on  the  negative  electrode,  but  hold  it  steadily  in  place 
with  gentle  pressure  ;  after  a  few  seconds  it  will  gradually  slip 
into  the  vagina ;  the  current  may  be  continued  twenty  minutes, 
and  usually  after  the  second  treatment  a  digital  examination 
may  be  made  without  diflSculty,  provided  it  be  done  immedi- 
ately after  removing  the  electrode.  Any  exciting  cause  of  the 
distressing  condition  that  can  be  found  should  be  removed, 
after  which  the  persistent  use  of  galvanism  will  relieve  and 
restore  the  patient  to  a  normal  condition,  in  a  larger  propor- 
tion of  cases  than  any  other  treatment. 

Ibbttable  Uterus. —  Galvcmism.  The  cup-shaped  uterine 
electrode  (Fig.  124)  is  applied  to  the  cervix  and  connected 
with  the  negative  pole  of  the  battery,  the  positive  completes 
the  circuit  at  the  sacrum,  or  in  the  ovarian  region. 

Leucorrhea. —  Gal/oanimi.  This  disease,  when  due  to  a 
catarrh  of  the  uterus,  or  vagina,  may  be  treated  by  a  mild 
galvanic  current  applied  within  the  uterus,  to  produce  a  feeble 
electrolytic  effect  upon  the  lining  membrane,  with  a  view  of 
stimulating  it  or  altering  the  nature  of  its  secretion.  Since  an 
acid  is  set  free  at  the  positive  and  an  alkali  at  the  negative, 
it  is  important  to  consider  the  special  effect  to  be  produced  in 
selecting  the  pole  to  be  connected  with  the  internal  electrode. 
Uterine  leucorrhea,  without  organic  disease,  may  be  relieved 
by  a  galvanic  current  applied  through  electrodes,  shown  in 
Figs.  124  or  125 ;  vaginal  leucorrhea,  through  electrode 
Fig.  121.  Leucorrhea,  both  uterine  and  vaginal,  not  depen- 
dent upon  ulceration  or  foreign  growths,  can  be  effectually  and 
permanently  relieved  by  the  hot-air  electric  bath.  A  series  of 
these  baths,  from  twelve  to  thirty  in  number,  repeated  twice 
a  week,  with  intermission  during  the  menses,  has  relieved 
cases  of  many  years'  standing  without  local  treatment.  The 
attention  of  the  profession  is  earnestly  called  to  this  method 
of  radically  curing  an  almost  universal  complaint  by  a  measure 
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at  once  agreeable,  effectual,  and  especially  desirable  in  the  case 
of  unmarried  ladies,  where  the  disease  is  more  likely  to  be  due 
to  constitutional  than  local  causes. 

Chronic  Metritis. — Galvanism,  Chronic  inflammation  of 
the  uterus,  with  enlargement,  may  be  materially  relieved  by 
the  use  of  the  galvanic  pessary;  the  external  electrode  being 
located  over  the  sacral  ganglia.  The  latter  may  be  retained  in 
place  by  means  of  straps  of  adhesive  plaster.  Tripier  recom- 
mends that  a  current  from  a  battery  be  applied  according  to 
this  method.  One  electrode  (Fig.  124)  is  placed  against  the  os, 
and  connected  with  one  pole,  while  the  current  from  the  other 
is  divided  between  two  electrodes,  one  of  wliich  is  introduced 
into  the  upper  third  of  the  rectum  to  bring  it  in  connection 
with  the  posterior  wall  of  the  uterus,  and  the  other  is  placed 
over  the  abdomen.  An  insulated  rectal  electrode  is  required 
for  the  former,  and  a  large  wet  sponge  for  the  other.  The 
object  of  the  application  is  to  allay  irritation  and  improve 
nutrition ;  therefore  a  very  mild  current  should  be  employed, 
and  for  a  few  minutes  only  when  the  battery  is  used,  because 
electrolysis  is  to  be  avoided.  When  the  belt  is  employed  with 
the  pessary,  the  negative  current  will  be  less  likely  to  irritate 
the  cervix.  The  full  number  of  belt  cells  should  not  be  wet  up 
at  first ;  four  or  five  are  enough  to  commence  with,  and  after  a 
few  hours  one  or  two  more  may  be  charged  with  fluid  and 
added  to  the  circuit.     (See  appendix.) 

Engorgements,  Hypertrophy,  etc.,  have  been  relieved  by 
the  method  described  above.  In  these  cases,  however,  when 
inflammation  is  not  present,  the  current  should  be  interrupted. 
The  faradic  current  applied  by  a  vaginal  electrode  (Fig.  122), 
so  that  the  anterior  and  posterior  walls  are  respectively  aflfected 
by  the  current,  is  sometimes  very  eflectual  in  reducing  the 
size  of  the  uterus. 
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Famdism  applied  -with  an  ineulated  rectal  electrode  in  con- 
tact with  tlio  posterior  uterine  wall,  and  a  brood  sponge  nn 
the  abdomen  is  aonietinies  preferable,  but  ahoiilrl  never  be  ap- 
plied when  there  exists  evidence  of  eiib-acute  inflammation. 

Ovarian  laErrATioN. — Famd-ism.  When  there  exists  ten- 
demeBs  on  pressure,  or  dull  aching  pain,  especially  in  the  left 
ovarian  region,  the  faradic  current,  applied  after  the  mauner 
desmbed  for  constipation,  sometimes  proves  curative. 

Oai/vanism.  Ovarian  irritation,  accompanied  by  neuralgia, 
may  be  relieved  by  galvanism  when  a  point  can  bo  detected, 
along  the  spine  or  a  nerve,  where  pressure  by  the  finger 
B8  pain.  One  pole  must  be  located  on  the  tender  spot, 
and  the  other  on  one  or  both  ovaries,  according  as  one 
or  both  are  affected.  Congestion  of  ovary,  attended  by  hysteri- 
cal symptoms,  is  sometimes  relieved  by  the  galvanic  belt;  the 
electrodes  being  located  over  the  ovaries,  and  the  application 
being  continued  for  several  weeks,  or  months  if  necessary. 

Di8PL.\ CEMENTS  OF  TUB  Utekds.  Simple  displacements  are 
easily  rectified  under  the  influence  of  electricity  by  its  external 
application  through  the  walls  of  the  abdomen.  This  is  believed 
to  be  accomplished,  partially  at  least,  through  the  contraction 
of  the  abdominal  muscles.  The  general  apjilication  of  all 
forms  of  electricity  affect  the  uterine  supports  through  the 
spinal  nerves  and  hypogastric  plexus.  The  current  conveyed 
to  the  pelvic  organs  through  these  nerves  improves  nutrition, 
and  consequently  lessons  the  weight  of  the  womb,  when  tlie 
latter  is  in  a  hypertrophied  stjite.  When  the  vagina  is  relaxed, 
the  introduction  of  tlie  current  through  a  vaginal  electrode  will 

tonnd  most  effleieut  to  restore  its  tonicity. 

The  vaginal  electrode  should  be  warmed  and  oiled  before 
introduction,  and  tlte  circuit  mmt  not  be  completed  wntil  after 
the  electrode  is  in  place.  The  alternate  pole  may  be  located 
on  the  sacrum,  or  by  means  of  a  divided  cord  over  both 
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Faradism  is  used  for  its  mechanical  effect ;  gahanism^  for  its 
chemical  effect.  When  it  is  interrupted,  the  ^Ivanic  exerts 
both  a  mechanical  and  chemical  effect 

This  important  point  should  not  be  overlooked  in  the  treat- 
ment of  uterine  displacements  by  electricity.  The  patient  should 
be  instructed  to  clear  out  the  rectum,  by  means  of  an  injection 
if  necessary,  immediately  before  presenting  herself  for  treat- 
ment, and  the  bladder  must  be  empty.  The  uterus  sfwvld  he 
replaced  as  nearly  as  possible  to  a  natural  position  before  ap- 
plying  the  current, 

Tripier  reports  thirty  cases  of  uterine  disease  treated  by 
faradism  locally  applied.  The  plan  he  pursued  for  the  various 
forms  of  displacements  are : 

Prolapsus.  One  pole  applied  against  the  neck  of  the  womb, 
the  other  is  connected  through  a  bifurcated  cord  with  two 
electrodes,  one  of  which  is  applied  in  each  groin. 

Anteversion  and  Antejlexion.  The  negative,  an  insulated 
rectal  electrode,  was  introduced  so  as  to  carry  the  current  to  the 
upper  third  of  the  rectum,   and  the  positive  in  the  vagina. 

Retroversion  and  Retroflexion.  The  positive  over  the  ab- 
domen or  introduced  into  the  bladder  (a  plan  that  can  scarcely 
be  recommended),  and  the  negative  to  the  neck  of  the  womb. 
If  the  application  of  electricity  causes  the  monthlies  to 
appear  when  not  due,  it  is  an  indication  that  the  current  was 
too  strong,  applied  too  long,  or  repeated  too  frequently. 

Labor. — Faradism.  Dr.  W.  J.  Kilner,*  electrician  to  St. 
Thomas's  Hospital,  has  made  a  valuable  study  of  the  effects  of 
faradism  in  forty-one  cases  of  labor.  He  uses  it  especially 
where  the  pains  are  short,  feeble,  and  at  long  intervals,  and 
states  that  his  first  experiments  were  directed  to  discovering 
whether  the  pregnant  uterus,  like  the  voluntary  muscles, 
possessed  inotor  points.    After  many  trials  he  arrived  at  the  con- 

*  Lancet,  Jan.  1, 1881. 
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elusion  that  motor  points  exist,  and  can  bu  easily  fouDil  by  bi- 
sectiug  the  line  drawn  from  the  umbilicus  to  the  middle  of 
Poupart's  ligament.  This  point  is  approximate,  being  only 
applicable  before  the  head  has  descended,  to  allow  the  head  of 
the  child  to  enter  the  pelvis,  and  the  spot  varies  in  each  case, 
according  to  the  position  of  the  uterus.  Tlio  mnBcIcs  of  the 
uterus  are  of  the  unstriped  variety  (involuntary),  and  they  d« 
not  respond  to  electric  stimulation  so  quickly  as  the  striperf 
muscles. 


METHOD  OF   APPLYINU  ELECTKICITY  TO  THE  rTEBOS. 

ThU  Ulmtrmtion  Bhowii  wlicre  to  locale  tho  Blwlrod™  lo  oonvej  aleelriclty  througb 

the   ulerui   Bud  IIh  appviitliigen.    B  represtncs  tlentrMle,  Fig,  IM.  coDDecl«d  vrlUi  one 

pole,  Introduced  Etilo  the  cervical  canel.   A  and  c  ore  Iwo  electrodes  uuonected  br  ■ 

with  Iho  allernalo  pole  ;  A  and  C  Indleaw  the  point*  lo  locate  the  clOC- 

It  irbcn  external  LreHtnient  onI>-  ii  required :  also  the  points  wbere  they  an  looaled 

B  elfletllolljr  Is  etuplOTed  during  Utior. 

the  faradic  poles  are  placed  upon  the  spot  just 
I  indicated,  the  first  thing  observed  is  tho  immediate  contraction 
I  of  the  abdominal  muscles,  the  bitensity  of  which  depends  upon 
[  Ute  Btreagtii  of  tho  current.  Occasionally,  at  the  instant  of 
rooDtact,  uterine  contractions  commence,  but  more  often  a  lapse 
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of  about  a  quarter  of  a  minute  is  required,  and  not  infre- 
quently they  are  delayed  for  two  or  three  minutes.  But  still 
the  current  is  taking  effect,  as  the  intermittent  use,  for  instance, 
half  a  minute  on  and  the  same  off,  rarely  fails  to  induce  contrac- 
tions in  a  few  minutes;  these  increasing  gradually  in  severity 
and  duration,  while  the  intermissions  become  less  and  less. 
Latterly,  however,  he  has  applied  the  current  only  during  the 
contraction,  to  obtain  the  benefit  of  the  relief  of  pain. 

If  it  be  wished  merely  to  prolong  any  one  uterine  contrac- 
tion, the  current  is  best  applied  near  the  termination  of  the 
pain,  when  it  will  commence  de  novo. 


Fig.  121. 

VAGINAL  ELECTRODE. 
Length,  6  in.;  diameter,  ^  in. 

This  electrode  is  made  of  bra^s,  nickel-plated,  and  is  designed  to  be  used  for  con- 
veying a  current  to  all  parts  of  the  vaginal  wall.    It  fits  the  universal  handle. 

The  ones  most  likely  to  be  affected  favorably  by  the  induced 
current,  viz:  (1)  Those  of  a-  nervous  temperament,  who  are 
easily  excited,  and  who  usually  feel  pain  acutely.  (2)  Those 
who  have  sympathetic  disturbances,  such  as  vomiting  and  hic- 
cou<^li.     (8)   Those  who  require  stimulation. 

The  best  way  of  applying  the  current  is  to  place  the  elec- 
trodes (each  being  aboit  three  inches  in  diameter)  upon  the 
abdomen,  over  the  motor  points,  these  being  retained  in  their 
proper  places  by  the  binder. 

Large  electrodes  are  preferable  to  small  ones,  because  the 
same  current  spread  over  a  large  surface  is  not  felt  so  acutely 
as  when  it  is  concentrated  into  a  small  spuce.  For  the  relief 
of*  j)ain,  a  very  mild  current  only  is  re(iuire(l,  but  for  the  pro- 
duction of  uterine  contractions,  a  variable  strength  is  necessary. 
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The  following  conclusions  are  denved  from  a  total  of  five 
Itnndred  electrizations  of  tlie  uterus:* 

1.  That  faradization  of  the  utems  is  entirely  tiarmle^^s. 

2.  Faradization  is  a  uterine  sedative. 

3.  Faradization  abridges  considerably  the  convalescence  and 
accelerates  the  involution  and  retraction  of  the  utcrns.  That 
it  also  hastens  the  restoration,  and  jji'oinotes  regularity  of 
fimction. 

4.  Faradization  guards  the  woman  from  the  uterine  com- 
plications of  labor. 

5.  That  faradization  is  the  correct  preventive  treatment  of 
uterine  malpositions. 

6.  The  action  of  faradization  on  the  uterus  is  similar  to 
that  of  ergot,  only  its  action  is  more  paimpt  and  more  energetic. 


VAcilNAL  ELECTRODE  IN^CLATKD  IN  LATERAL  HALVES. 
Tbl>el»trodeconilaliiO(t«ac;Und[i(«lhBlT»Kp*niti'c1  liy  hsrd  robber,  whlcblnm- 
Intbem  ao  that  elerirlclly  cannot  pus  dlirotl]' TrutD  one  In  IUk  mbei.    A  tiljiillnit  poM  Ii 


'O  cfUndiiol  hBlT»  Kp*niti'c1 

anot  p«s  dirootlj'  fnan  one  In 
jrconnectioniilUi  the  Gonducting  eordi.    ItU  ileiigticd  li 
'em  Is  to  tic  appUed  to  one  bitlfthiivagliiaandlliu  negative  to  the  othi 
Ib  IrvaUied  on  the  lateral  halrea.  or  aalerior  and  poalerlor  balre 
lotlou  In  wblvh  it  U  InlmJui'ed. 


irhen  a  posltlre 
'  JmU.  The  eurr 
I  aorardlnE  to  tht 

In  conclusion,  it  is  a  marvelous  therapeutic  agent  in  obatet- 

Vtics,  simple    in    application,  rapid    and    energetic    in    action, 

Iperfoctly  harmless,  and  can  he  interrupted  ur  renewed  at  will. 

It  not  only  restores  the  uterus  to  the  normal  condition,  but 

Kits  use  prevents  further  uterine  complications.     Tlio  method  of 

mploying  it  for  this  purpose  is  tliia:     Immediately  after  the 

lelivery,  an  induced  current  is  applied  to  the  uterus,  and  gradu- 

|flly  increased  in  intensity.     This  opemtion  is  repeated  from 

^t  to  ten  times,  during  about  ^^ix  days  after  normal  labor. 

•M.  ApoMuU,  In  aaiOU  da,  il6pUa>Li. 
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Sr'HERINTOLUnON    AXD   SUBINVOLUTION   OF    THE    UtERUS.       Dr. 

Rockwell  lias  successfully  treated  a  few  cases  with  both  gal- 
vanism and  faradism,  the  applications  being  made  almost  daily 
for  a  number  of  months. 

Dr.  Murray*  regards  the  galvanic  pessary  an  eflScient  in- 
strument in  subinvolution  following  childbirth.  In  one  case  of 
this  kind  with  retroversion  where  pessaries  had  failed  to  remedy 
the  condition,  the  introduction  of  a  galvanic  pessary  was  fol- 
lowed by  tlie  reduction  of  a  large  flabby  uterus  nearly  to  a 
healthy,  natural  condition  in  the  course  of  a  fortnight  (See 
appendix.) 


Fig.  .123. 

VAGINAL  ELECTRODE  INSULATED  IN  VERTICAL  HALVES. 

This  electrode  consists  of  two  short  nickel-plated  brass  cylinders,  separated  by  a  cylin- 
drical piece  of  hard  rubber  placed  between  their  adjacent  ends.  Two  binding  posts,  one 
having   metallic  connection  with  each  cylinder,  receive  the  conducting  cords. 

Extra-Uteeine  Pregnancy. — Galvanism.  Dr.  Rockwell 
has  succeeded  in  a  number  of  instances  in  destroying  the 
foetus  by  electricity,  without  injury  to  the  mother.  One  was  of 
an  unusual  character,  the  tubal  or  extra-uterine  pregnancy  being 
associated  with  normal  uterine  pregnancy.  The  diagnosis  was 
confirmed  by  Dr.  Thomas  and  others.  The  galvanic  current  was 
employed,  with  one  pole  introduced  to  the  mass  through  the 
vagina  and  the  other  over  the  tumor  externally  ;  the  current  was 
rapidly  interrupted.  A  current  of  twenty-four  volts  was  em- 
ployed and  the  treatment  repeated  the  first,  third  and  sixth 
days  thereafter.  The  tumor,  at  first  the  size  of  a  billiard  ball, 
gradually  grew  smaller,  while  the  natural  pregnancy  progressed 
favorably.     Another  case  of  tubal  pregnancy  had  reached  the 

•  The  LanceL 
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fourth  month  of  development  wiien  first  examined.  One  eleo- 
trode  was  introduL-ed  into  the  rectam  ;  the  other  was  placed 
externally  over  the  tumor.  On  account  of  the  danger  of  rup- 
ture, owing  to  the  great  distention  of  the  Fallopian  tube,  a 
current  of  only  sixteen  volts  (12  cells)  waa  used  when  inter- 
rupted ;  the  current  was  increased  without  interrnptions  and 
allowed  to  pass  a  moment  continuousiy  ;  it  was  then  decreased. 
This  treatment  was  repeated  on  the  following  day,  and  witliout 
any  further  electrization  the  patient  recovered  and  the  tumor 
disappeared.  lie  states  that  it  is  an  error  to  supjiose  that 
aboitiotis  are  readily  produced  by  electricity  unless  measures 
are  employed  that  wuul<l   produce   abortion  without  electricity. 


Thii  !■  cnmpased  ot  a  curred  meWl  rod,  lusulBUd  In  baid  rubber,  lermlnMJng  In  • 

whlcb  □m}' baatUchei]  cupsafviu-lDUB  linea.   The  liulrnment  Is  ■hi>wiici>mplele 

I  in  [be  upper  part  or  the  cm;  the  lower  repreavDls  lbs  rlemBudi-upaepareiud.   Tbecupl* 

I  lined  with  meUl,  » bleb  li  coonecled  will]  Ihc  meUl  rod  tbrougb  the  icrew.    It  li  dolKnCd 

(d  lorjillic  the  current  upon  tbe  Inxer  extL-nml  B^irhoe  ot  tbe  cervix  ulerl,  the  4lleniaM 

he  oiurent  being  applied  eiternally  over  the  abdomen  or  sacrum. 

I^aradism.  Dr.  J.  C  Reeves,*  in  one  ease  where  diagnosis 
I  positive  at  the  end  of  the  third  month,  used  faradization 
I' for  nine  days  as  strong  us  could  be  borne  for  ten  minutes  at  a 
Ptime.  One  electrode  was  in  the  vagina  upon  tlie  tumor  and 
I  the  other  upon  the  abiiomen  ;  recovery  followed.  Lusk,  Bache, 
■£mmet  and  others  have  succeeded  with  faradisni  when  the 
Eidiagnosis  was  made  early.  Dr.  T.  G.  Thomas,  from  a  study 
'  twenty-one  cases,  formulates  the  following  rules  for  guid- 
ance in  treating  this  condition  : 

■  Tntu.  AdI.  GyneooloE.  Soc.,  1BT9. 
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1.  If  the  diagnosis  be  well  settled  before  the  fourth  month 
of  gestation,  he  would  destroy  the  life  of  the  foetus  by  electricity 
in  preference  to  all  other  methods. 

2.  Should  the  fourth  month  of  gestation  have  passed,  and 
surgical  interference  be  called  for,  li^arotomy,  or,  with*  the 
tumor  low  down  in  the  pelvis,  elytrotomy  should  be  preferred 
to  electricity. 

3.  Should  the  pregnancy  be  abdominal,  the  practitioner 
might  watch  and  wait  until  full  term,  and  deliver  by  laparotomy, 
or  by  elytrotomy  and  the  forceps,  or  manual  delivery. 


Fio.  125. 

INTRA-UTERINE  ELECTRODE. 

This  is  similar  to  the  electrode  represented  in  Fig.  124,  with  the  addition  of  a  metal 
rod,  1  inch  long,  which  screws  into  the  hasc  of  the  metal-lined  cup.  It  is  designed  to  be 
used  in  localizing  a  current  upon  the  cervix  and  within  its  canal,  the  alternate  pole  being 
applied  externally. 

Oiution.  It  is  lmi>ortant  that  no  force  be  used  when  introducing  this  electrode.  The 
cervical  canal  is  slightly  constricted  at  the  point  where  the  neck  and  body  of  the  womb 
unite,  and  It  is  here  that  flexion  occurs.  When  flexion  of  the  womb  exists,  the  canal  is 
bent  if  not  completely  closed,  and  since  its  length  averages  but  three-fourths  of  an  inch  to 
one  inch,  if  force  Is  employed  to  push  this  cup  Into  close  contact  with  the  external  surfluie 
of  the  uterine  neck,  the  prong  or  projecting  rod  might  be  forced  into  or  through  the  tis- 
sues, an  accident  that  is  liable  to  prove  very  dangerous. 

4.  Should  the  full  term  be  passed  and  the  foetus  be  dead, 
wait  and  watch  and  aid  nature  when  she  demonstrates  the 
outlet  by  which  she  desires  extrusion  to  be  effected.  If  bad 
symptoms  under  these  circumstances  at  any  time  develop,  per- 
fonn  laparotomy  under  strict  antiseptic  precautions. 

5.  Sliould  rupture  of  the  foetal  nest  have  occurred  before 
diagnosis  has  been  fully  made,  wait  and  see  whether  nature 
is  powerful  enough  to  overcome  the  shock,  to  control  hemor- 
rhage, and  further,  if  the  patient  is  going  to  escape  the  dangers 
of  peritonitis   and   septicaemia.      If  these  favorable  results  do 
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not  occur,  if  hemorrhage  is  about  to  destroy  the  patient  imme- 
diately, or  if  septicaemia  attacks  her  later,  laparotomy,  followed 
by  antiseptic  cleansing,   should  be  promptly   adopted. 

FravMinism.  Dr.  Kochmann,  of  Strasburg,  reports  a  case 
of  extra-uterine  pregnancy,  six  months  advanced,  in  which  the 
foetus  was  destroyed  by  a  single  application  of  sparks  from  a 
static  machine.  The  duration  of  the  sitting  was  about  fifteen 
minutes,  and  sparks  about  one  and  one-half  centimetres  long 
were  drawn. 


Fio.  126. 

DOUBLE  UTERINE  ELECTRODE. 

This  electrode  ifi  constructed  Bimilar  to  Fig.  125,  with  the  addition  of  a  second  insu- 
lated metal  rod,  A,  parallel  with  the  first:  both  terminate  in  a  binding  post  to  receive 
the  cord.  The  rod  A  is  connected  with  the  metal  lining  of  the  cup,  and  B  with  the  pro- 
jecting rod.  The  central  rod  and  cup  are  insulated  Arom  each  other  in  this  instrument. 
It  is  designed  to  be  used  in  conveying  both  poles  of  the  current  to  the  cervix,  one  pole, 
being  connected  with  A,  is  applied  to  the  outside,  and  the  other  pole,  connected  with 
B,  is  applied  within  the  cervical  canal. 

Hypertrophy  of  the  Cervix. —  Electrolysia.  When  the 
cervix  is  found  to  be  in  a  state  of  liypertrophy  from  long- 
continued  irritation,  and  usual  measures  for  reducing  it  fail, 
electrolysis  has  occasionally  succeeded.  Two  needles  connected 
with  the  negative  pole  are  inserted,  one  in  each  lip  of  the  cervix 
to  tlie  depth  of  about  half  an  inch.  The  positive  electrode  is 
located  on  the  nates,  or  some  other  indifferent  point ;  four  to  six 
zinc-carbon  cells  are  included  in  the  circuit,  and  the  current  is 
continued  about  fifteen  minutes.  Tlie  operation  should  not  be 
rej>eated  more  frequently  than  once  a  month,  and  the  time 
selected  should  be  midway  between  the  menstrual  periods. 
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Galvo/TUhcautery  has  been  employed  to  amputate  an  elongated 
cervix,  for  which  it  is  well  adapted.  The  loop  is  adjusted  and 
tightened  slowly  like  the  ordinary  ecraseur  chain. 

FiBRoros. —  ELectrolysU,  When  these  tumors  are  attached  to 
the  posterioj'  surface  of  the  uterus  they  may  be  treated  through 
the  vaginal  wall,  when  it  is  important  to  avoid  all  discharge 
through  the  opening  made  by  the  needle.  Tlie  positive  electrode 
should  be  large,  and  may  be  applied  over  some  indifferent  spot 
The  negative  pole  attached  to  a  suitable  needle  is  introduced  into 
the  growth,  and  a  current  from  twelve  to  twenty-four  freshly- 
charged  zinc-carbon  cells  is  passed  into  the  tumor  for  about 
twenty  minutes.  The  needle  should  be  thoroughly  insulated, 
exce})t  over  that  part  that  is  within  the  tumor.  This  operation 
may  be  repeated  at  intervals  of  ten  to  twenty  days.  This  plan  is 
only  applicable  to  tumors  that  are  near  the  surface,  where  they 
may  afterward  be  opened  to  permit  the  discharge  of  pus  that 
forms  in  consequence  of  the  operation.  When  this  plan  is  ob- 
jectionable, several  very  fine  needles,  insulated,  except  at  the 
point,  may  be  introduced,  using  a  current  from  four  to  six 
freshly-charged  zinc-carbon  cells.  This  produces  a  limited 
destruction  of  tissue  that  is  not  followed  by  suppuration,  but 
the  blood  supply  is  interfered  with,  and  absorption  is  excited. 
(See  appendix.) 

Fungoid  growths  maj'^  be  destroyed  by  electrolysis. 

Cancers. —  Galvano-cautery  is  undoubtedly  superior  to  any 
other  method  of  performing  operations  for  the  destruction  of 
tissue  within  the  uterus,  or  vagina,  because  the  instrument  can 
be  located  while  cold,  the  action  of  the  heat  can  be  limited,  and 
hemorrhage  can  be  i)rev-ented.  The  removal  of  portions  of  can- 
cerous growths  by  galvano-cautery  is  frequently  useful  in  arrest- 
ing hemorrhages  and  retarding  their  growth. 

EhctrohiHts,  The  introduction  of  electrolysis  needles  to 
destroy  a  j)ortion  of  the  growth,  not  only  checks  the  advance 
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of  the   disease,  but    in    some    instances    produces    a    notable 
diniinution  in  the  pain  attending  it. 

THE   SKIN. 

Faradization  produces  a  prickling  or  tingling  sensation 
when  the  skin  is  dry.  The  eflFects  are  intensified  by  applying 
the  current  through  a  wire  brush,  and  are  most  severe  when 
the  brush  barely  touches  the  skin.  The  effect  of  a  brush  made 
of  tinsel  lightly  passed  over  the  surface  is  so  painful  that  an 
electrode  made  in  this  form  has  been  named  the  electric 
scourge. 


Fig.  127. 

ELECTRIC  SCOURGE. 
Length,  3  in. 

This  coneistB  of  a  bundle  of  tinsel-covered  threads  fastened  In  a  nickel-plated  head 
that  fits  a  uniTenal  handle.  When  lightly  brushed  over  the  skin  it  produces  a  sharp 
stinging,  exceedingly  painfdl  sensation.  It  is  employed  to  arouse  dormant  sensibility  of 
either  nerve,  muscle  or  cutaneous  surftice. 

The  effect  of  the  faradic  current  upon  the  bloodvessels  of 
the  skin  has  been  microscopically  studied  by  Weber,  Pfltiger 
and  others,  who  agree  that  it  causes,  first  contraction  and 
afterward  dilatation  of  these  vessels,  through  its  action  upon  the 
vaso-motor  nerves.  Intense  redness  is  easily  produced  in  per- 
sons with  delicate  skin,  and  this  is  more  marked  at  the  nega- 
tive than  the  positive  pole.  The  effects  are  greater  if  the  skin 
is  dry,  for  if  it  is  moistened  electricity  passes  through  it  to  the 
deeper  structures,  although  a  very  powerful  current  affects  both 
the  skin  and  the  structures  beneath. 

Galvanization.  The  sensation  ])roduced  by  it  has  been 
compared  to  that  produced  by  mustard  paste ;  if  the  skin  be 
dry  and  the  current  feeble,  the  sensation  is  very  slight ;  but  if 
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the  skin  be  moist  or  previously  irritated  by  blisters,  the  eflTects 
are  greatly  intensified.  The  positive  enlarges  the  bloodvessels 
and  reddens  the  skin ;  the  negative  has  an  opposite  effect. 
The  positive  produces  a  depression  of  the  skin,  and  the  nega- 
tive a  swelling  of  the  epidermis  and  cutis. 

Franklini^n  produces  redness  of  the  skin,  and,  if  sparks 
are  taken,  a  peculiar  eruption  which  resembles  nettle-rash,  but 
tliis  form  of  electricity  does  not  destroy  the  tissue. 

Diseases  for  which  dectridty  has  been  employed: 

Anaesthesia.  Baldness,  Ulcers,  Tumors, 

Eruptions,  Pain  and  itching.     Bed-sores,  Hirsuties. 

It  is  to  be  understood  that  in  the  treatment  of  diseases  of 
the  skin,  as  in  those  of  other  portions  of  the  body,  electricity 
is  most  successful  when  employed  as  a/n  adjuvant  to  other 
indicated  measures.  The  physician  who  employs  electricity 
alone,  to  the  exclusion  of  suitable  medicines  and  regimen,  will 
frequently  fail  where  he  most  confidently  expects  success.  It 
has  not  been  thought  necessary  to  emphasize  this  fact  in  con- 
nection with  every  subject  referred  to  in  these  pages,  but  it 
applies  equally  to  all. 

Galvanism.  Chronic  eczema,  prurigo,  herpes  zoster,  and  all 
eruptions  dependent  upon  some  disturbance  of  the  nervous 
system,  may  be  materially  benefited  by  electricity  applied 
through  the  sympathetic  nerve.  Beard  and  Rockwell  have 
cured  cases  of  eczema  and  prurigo  by  their  method  of  central 
galvanization  without  local  applications  of  an}'  kind. 

Electrolysis.  Dr.  Hardawayf  enumerates  the  diseases  of 
the  skin  in  which  electrolysis  may  be  confidently  employed,  viz: 

Pigmented  naivi,  small  fibromata,  miliary  nodules  of  lupus,  sebaceous 
cysts,  xanthoma  (Fox),  warts,  cutaneous  horns,  and  some  stages  of  epithe- 
lioma.   From  certain  observations  that  he  has  made   in   regard  to  the 
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action  of  this  means  in  hypertrophied  scar  tissue,  he  is  inclined  to  look 
upon  it  favorably  in  keloid.  In  short,  it  may  be  confidently  stated  that 
whenever  it  is  necessary  to  use  a  destructive  agent  on  the  skin — one 
that  is  readily  managed,  that  causes  no  hemorrhage,  and  leaves  few  scars — 
there  is  none  better  or  more  efficient  than  electrolysis. 

OcUvarKhCautery  has  been  successfully  employed  to  remove 
tumors,  destroy  malignant  ulceration,  and  for  all  purposes  where 
fadicc!  destruction  of  tissue  is  indicated. 

Anesthesia.  It  is  important  to  distinguish  between  cuta- 
neous and  muscular  anaesthesia.  In  the  former  the  patient  is 
insensible  to  touch  or  pain,  and  is  unable  to  keep  the  lightest 
substance  in  his  hands ;  neither  can  he  determine  the  weight 
or  temperature  of  a  body ;  in  the  latter  case,  however,  the 
patient  suffering  from  muscular  ansesthesia  feels  the  touch  or 
pain,  but  the  grasp  of  his  hand  is  powerless  ;  he  cannot  hold 
even  the  slightest  body  unless  he  fixes  it  with  his  eyes. 


Fig.  128. 

Fig.  128  represents  one  method  of  testing  the  cutaneous  sensi- 
tiveness with  Duchenne's  points.  The  operator  should  become 
familiar  by  actual  experiment  upon  the  healthy,  with  the  rela- 
tive sensitiveness  of  the  diftierent  parts  of  the  cutaneous  surface 
and  the  distance  apart  the  electrodes  must  be  applied  to  detect 
distinct  sensations  at  both  poles.  The  following  points  should 
be  borne  in  mind  while  treating  these  cases :  1.  They  require 
a  divided  current  applied  when  the  affection  is  superficial,    to 
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the  dry  sarface  through  electrodes  107,  127,  or  in  some  cases 
129.  2.  When  the  deeper  layers  of  the  skin  or  mascles  are 
in  a  state  of  anaesthesia,  the  skin  most  be  moistened  before 
the  brush  is  applied.  3.  With  the  gradual  return  of  sensi- 
bility the  strength  of  the  exciting  current  is  also  gradually 
diminished.  4.  Where  anaesthesia  exists  along  with  other 
disturbances  of  nervous  function,  whether  hypersesthesia  or 
motor  paralysis,  the  anaesthesia  is  first  to  be  treated,  and  the 
removal  of  this  condition  is  frequently  followed  by  a  disap- 
pearance of  all  the  other  symptoms.  5.  If  anaesthesia  is  the 
result  of  section  of  the  nerves,  the  treatment  by  electricity 
should  never  be  begun  sooner  than  four  weeks  after  the  acci- 
dent, as  this  is  the  shortest  time  in  which  the  entirely  severed 
nerves  will  reunite.  6.  Generally  in  anaesthesia  following  a 
peripheral  cause,  faradism  will  give  a  more  favorable  result 
When  galvanism  is  employed,  the  negative  is  placed  upon  the 
affected  portion  of  the  skin  and  the  positive  upon  the  respective 
nerve-truuk:  the  latter  is  moved  along  the  nerve-trunk  to  the 
negative  repeatedly.  7.  Anaesthesia  from  inflammation  of  a 
nerve  usually  disappears  without  local  treatment  through  gal- 
vanization of  the  affected  nerve. 

Acne  Indurata  has  been  cured  by  central  galvanization. 

Acne  Rosacea. — Faradisrn,  Place  the  positive  electrode 
on  the  back  of  the  neck  and  the  negative  over  the  affected 
region.  Galvanism  applied  in  the  same  way  has  also  been 
reported  successful  in  some  instances. 

Herpes  Zoster  (Shingles).  Galvanism  has  cured  this 
eruption  and  relieved  the  neuralgic  pains  accompanying  it 
when  applied  directly,  the  negative  being  placed  on  the  erup- 
tion, the  positive  over  that  part  of  the  spine  from  which  the 
affected  part   receives   its  nerve  supply.      Nagel*  says  the  in- 


•Kl.  Monatebl.,  L571,  p.  331. 
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tense  neuralgic  pains  are  sometimes  instantaneously  relieved 
by  galvanism. 

Psoriasis  (Scaly  Tetter).  Odhanism  has  cured  a  few 
cases.  The  current  is  applied  the  same  as  for  herpes  zoster, 
the  negative  pole  being  retained  over  each  patch  from  one  to 
three  minutes.  It  requires  several  weeks  and  frequent  sittings 
to  make  an  impression  upon  cases  of  long  standing. 

Ringworm. — Oal/ocmiam.  A  mild  galvanic  current  applied 
twenty  to  thirty  minutes  through  a  metal  electrode  in  contact 
with  the  eruption,  and  a  sponge  or  carbon  electrode  near  it 
sometimes  cures  after  only  one  or  two  sittings. 

FranMinism.  Dr.  Despine  d'Aix  states  that  franklinic 
electricity  in  the  form  of  sparks  is  a  valuable  aid  in  curing 
ringworm,  which  at  the  same  time  is  receiving  suitable  medi- 
cation. 

Elephantiasis  Arabum. — Electrolysis.  Mons.  Raynaud*  read 
a  communication  on  the  above  subject  from  two  physicians  at 
Rio  de  Janeiro.  The  writers  of  that  communication  had  had 
constructed  suitable  needles,  which  were  introduced  into  the 
affected  members  to  the  number  of  about  three  to  five.  Six 
cells  were  at  first  employed,  and  the  number  then  gradually 
increased  to  sixty.  Local  ansesthesia  was  produced  before  inser- 
tion of  the  needles,  and  the  latter  were  washed  in  antiseptic 
solutions.  This,  together  with  other  precautions,  constituted, 
according  to  the  authors,  the  Listerian  electrolysis.  The  suc- 
cess following  this  kind  of  treatment  was  said  to  be  very 
gratifying. 

Carbuncles  and  Furuncles. — Oaloanism.  They  may  be 
dissipated  in  early  stages  by  applying  the  negative  electrode 
upon  them  and  the  positive  on  a  neighboring  part 

Wounds,  Ulcers,  etc. — Galvanism.  A  very  weak  current 
is  capable  of  exercising  considerable  influence  over  the  secre- 

•At  a  meeting  of  the  Academy  of  Medicine  {Bulk  de  VAoad,  de  Medicine,  March  1, 1881>. 
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tions  from  wounds,  etc.  The  positive  when  applied  to  the 
wound  produces  greater  irritation  than  the  negative.  It  should 
only  be  applied  when  the  secretions  are  alkaline ;  in  this  case, 
when  it  is  kept  in  constant  contact  for  a  sufficient  length  of 
time,  the  tissue  is  restored  to  a  healthy  state. 

Dr.  Apostoli  has  suggested  the  use  of  Potter's  clay  as  an 
electrode  for  the  treatment  of  ulcers.  When  saturated  with 
pure  water,  or  salt  and  water,  it  becomes  an  excellent  con- 
ductor, and  as  it  dries  slowly  it  is  well  adapted  for  use  with 
the  galvanic  belt  when  a  continuous  current  for  many  hours' 
duration  is  indicated.  It  can  be  readily  adapted  to  the  most 
irregular  surface,  and  as  its  contact  can  be  close  or  limited, 
its  value  will  be  readily  appreciated.  Applied  to  the  epidermis, 
it  diminishes  the  pain  of  the  application  and  lessens  the 
tendency  to  blister. 

Blisters. — Galvanism,  The  galvanic  current  is  sometimes 
applied  to  a  blister  to  increase  the  eflFect  of  the  latter,  in  the 
following  manner :  Snip  the  skin  of  the  blister,  raised  in  the 
usual  way ;  fasten  upon  it  the  positive  metal  electrode,  uncov- 
ered, and  the  negative  with  its  cover  well  moistened  at  some 
distant  point.  Connect  two  or  three  cells  of  a  battery  or  twice 
the  number  of  the  belt  cells,  according  to  the  degree  of  irrita- 
tion required.  After  a  few  hours  the  surface  of  the  skin 
beneath  the  blister  will  have  a  white  appearance,  as  if  rubbed 
with  nitrate  of  silver.  In  forty-eight  hours  a  decided  eschar 
will  appear,  which,  still  keeping  on  the  electrode  or  disc,  will 
begin  to  separate  at  the  edges.  Remove  the  electrodes,  then 
apply  a  common  poultice,  and  a  healthy  granulating  sore  with 
well  defined  edges,  fi-eely  discharging  pus,  will  be  left.  If  the 
patient  complains  of  pain  or  irritation  at  all,  it  will  be  at  the 
negative  electrode  only. 

Bed-sores. — Galvanism.     Dr.    Mills*    has   been    snoceRsful 

«  Neurologist  to  Philadelphia  Hospital. 
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In  ilie  treatment  of  bed-sortss,  which,  in  spite  of  the  best  uf 
'  care,  are  apt  to  lorra  in  cases  of  spinal  and  cerebral  diaeaee. 
A  silver  plate  connected  with  tlie  negative  pole  is  applied  to 
the  sore ;  any  ordinary  electrode  connected  witli  the  positive 
18  placed  on  the  surface  near.  A  mild  galvanic  current  is  seat 
through  the  circuit  from  five  to  ten  minutes  daily.  Electricity 
is  very  effectual  in  stiniulating  grunulations. 
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ALOi^ciA  (baldness).  Electricity'  may  be  beneficially  em- 
ployed to  improve  the  circulation  through  the  scalp  aid 
stimulate  the  hair  follicles.  When  caused  by  parasites,  this 
treatment  shtiulil  be  preceded  by  the  application  of  a  paraaiti- 
If  the  scalp  is  smooth,  ahiny  and  indurated,  presenting 
the  appearance  of  being  "hide-bound,"  the  following  is  an 
efficient  method  of  restoring  it  to  a  natural  condition  :  Let  the 
positive  pole  of  a  faradic  current  be  fastened  at  the  nape  of 
the  neck,  while  the  operator  holds  the  uninsulated  portion  of 
tile  n^fative  in  one  hand,  and  with  the  other  vigorously  kneads 
tiie  dry  scalp  for  several  minutes.  The  fingers  s!iould  be  dry  ; 
in  some  casea  they  may  be  lubricated  with  carbolized  oil  to 
advantage.      The  current  should  be   moderately   strong.     This 
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operation  requires  repeating  once  a  week  until  the  scalp  feels 
natural  and  has  lost  its  shiny  appearance.  During  the  intervals 
the  patient  may  advantageously  employ  a  faradic  current  daily 
through  the  hairbrush  electrode.  If  the  treatment  be  so  vigorous 
as  to  cause  soreness  of  the  scalp,  it  may  be  omitted  a  few  days. 

HiRSUTiES. — Electrolysis.  The  requisite  apparatus  consists 
of  a  galvanic  battery  of  from  six  to  twelve  cells,  conducting 
cords,  a  surface  electrode,  needle  holder,  needle  and  epillation 
forceps.  To  this  list  there  may  be  added  with  advantage  a  mag- 
nifying glass  of  from  two  to  three  inch  focus. 

The  strength  of  current  required,  with  the  resistance  of  the 
body,  cords  and  electrodes  in  the  circuit,  varies  from  one-half  of 
one  to  four  milli-ampdres.  The  current  from  two  to  six  cells 
usually  suffices,  although  in  exceptional  cases  as  high  as  ten  or 
twelve  cells  may  be  used. 


The  only  apparatus  that  requires  special  mention  is  the 
needle.  A  needle  that  has  found  favor  with  some  is  one  made 
from  a  wire  of  irido-platinum.  The  needle  that  is  best  suited  for 
all  purposes  is  made  of  a  steel  broach  such  as  jewelers  use  in 
reaming  out  the  jewels  in  watches.  The  broach  should  be  so 
ground  as  to  remove  the  comers,  and  the  point  should  be  bulb 
shaped,  as  is  indicated  in  the  accompanying  magnified  diagram  of 
the  needle.  It  will  be  of  advantage  to  heat  the  needle  in  a  glass 
tube  sufficiently  to  draw  the  temper,  so  that  the  liability  to  break 
will  be  greatly  lessened.  The  needles  are  so  thin  that  were  they 
held  in  the  naked  flame  of  a  lamp  they  would  take  fire  and  bum. 
The  Mcintosh  Battery  and  Optical  Company  have  secured  a  line 
of  these  needles  that  were  made  especially  for  them,  and  do  not 
require  to  be  ground,  but  are  ready  for  use  at  once. 
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The  success  of  the  operation  depends  upon  the  destruction  of 
the  hair  papilla  by  means  of  electrolysis.  If  the  papilla  is  not 
destroyed  the  hair  will  be  reproduced  in  from  two  to  six  weeks. 
The  operation  is  performed  by  placing  the  patient  in  a  good  lights 
preferably  in  a  reclining  position.  The  needle  is  now  introduced 
by  the  side  of  and  parallel  to  the  hair,  and  gently  carried  to  the 
bottom  of  the  follicle  if  possible.  Care  should  be  taken  that  the 
needle  does  not  pierce  the  follicle  until  after  the  electrolysis  is 
commenced.  As  soon  as  the  needle  is  in  position  the  circuit 
should  be  completed  by  the  patient  taking  the  positive  electrode 
in  the  hand,  or  by  the  operator  placing  it  upon  the  cheek  or  some 
contiguous  part  of  the  body.  As  the  negative  pole  is  the  needle, 
the  alkalies  and  hydrogen  will  appear  around  it.  The  hydrogen 
manifests  itself  by  the  appearance  of  a  slight  foam  about  the 
needle.  The  tissues  also  become  blanched,  and  this  area  of 
blanching  extends  as  the  electrolysis  continues.  In  from  twenty 
to  forty  seconds  the  positive  electrode  should  be  removed  from 
the  skin,  the  needle  removed,  and  gentle  traction  used  on  the 
hair.  If  the  hair  papilla  has  been  destroyed  the  hair  at  once 
comes  away.  If  some  little  force  is  necessary  to  detach  the 
hair  the  needle  should  be  introduced  again  after  the  removal 
of  the  hair,  in  the  same  follicle,  and  the  current  allowed  to 
pass  for  from  fifteen  to  twenty  seconds  longer.  Following 
the  removal  of  the  hair  there  is  a  lesion  at  the  point  where  the 
needle  entered  the  follicle.  This  is  whitish  in  color  and  fre- 
quently shows  a  depression  in  its  center,  the  edges  are  raised, 
and  the  tissue  for  some  distance  around  is  erythematous.  After 
a  few  hours  the  redness  disappears  and  the  whitish  appearance 
at  the  center  gives  place  to  a  brownish  eschar.  In  some  cases 
the  lesion  has  almost  disappeared  in  twenty-four  hours,  in  others 
a  week  may  elapse  before  this  is  accomplished.  A  red  discolor- 
ation occasionally  remains  for  some  time  after  the  healing.     This 
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gradually  gives  place  to  white  scar  tissue,  which  usually  is  of 
so  slight  extent  as  not  to  be  noticeable  except  by  a  most  critical 
examination  by  means  of  a  magnifying  glass.  The  pain  is  in 
direct  ratio  to  the  strength  of  the  current.  Some  patients  are 
extremely  sensitive,  while  others  scarcely  mind  the  pain.  If  a 
weak  current  is  used  then  should  the  time  of  electrolysis  be  pro- 
portionately longer. 

The  number  of  hairs  removed  per  hour  varies  from  forty  to 
seventy.  From  the  nature  of  the  operation  there  will  be  a  cer- 
tain per  cent  of  returns.  This  will  vary  according  to  the  skill  of 
the  operator  and  the  difficulties  of  the  individual  case.  From 
five  to  fifty  per  cent  may  be  expected  to  return. 

In  those  cases  where  the  follicles  are  large  and  the  hairs 
superficial,  the  percentage  of  returns  should  be  small.  On  the 
other  hand,  in  those  cases  where  the  hairs  have  been  repeatedly 
removed,  the  skin  is  of  close  texture,  the  root  sheaths  are  partic- 
ularly firm  and  large  and  the  papilla  deeply  situated,  great 
difficulty  will  be  experienced  in  bringing  the  case  to  a  successful 
issue,  although  peraeverance  on  the  part  of  the  physician  and 
patient  will  ultimately  secure  the  victory. 

Caution. — Do  not  use  too  strong  a  current.  Do  not  continue 
its  application  too  long.  Never  break  it  in  metallic  circuit  when 
the  needle  is  introduced.  Use  only  the  negative  in  connection 
with  the  needle.  Be  careful  that  the  hairs  operated  on  are  far 
enough  apart  so  that  the  lesions  produced  do  not  coalesce.  Do 
not  allow  the  eschar  to  be  removed.     Do  not  scar  the  face. 

For  more  information  on  this  subject  you  are  referred  to  that 
admirable  work  on  "Electricity  in  Facial  Blemishes"  by  Dr. 
Plyra  S.  Hayes. 

PARALYSIS. 

The  method  of  electro-diagnosis  in  cases  of  paralysis  has 
already  been  given,  but  the  attention  of  those  who  have  never 
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employed  electricity  in  this  disease  is  earnestly  called   to  the 
following  suggestions : 

1.  When  muscles  cannot  be  made  to  contract  by  the  faradic, 
galvanic  or  franklinic  current,  it  is  useless  to  treat  them  with 
electricity.  If  even  a  few  slight  contractions  can  be  produced, 
it  will  indicate  a  favorable  result  under  a  careful  and  per- 
sistent treatment. 

2.  If  contractions  are  forced,  as  is  very  likely  to  be  done 
by  those  unskilled  in  the  use  of  electricity,  it  will  be  found 
at  the  next  sitting  no  contraction  at  all  can  be  produced. 

3.  The  slight  power  of  contraction  still  left  in  paralyzed 
muscles  is  often  destroyed  by  too  strong  or  too  frequently 
repeated  electrizations. 

4.  Before  commencing  treatment  each  time,  restore  the 
muscle  08  ^nearly  as  possible  to  its  natural  volition  hy  some 
artificial  support^  so  that  when  stimulated  to  contract  it  can 
do  so  without  carrying  any  loeight. 

6.  The  length  of  application  to  any  one  muscle  or  group 
of  muscles  should  not  exceed  five  minutes  every  day  or  every 
other  day, 

6.  Do  not  apply  too  strong  currents.  They  give  rise  to 
over-fatigue,  which  is  just  as  injurious  as  if  produced  by  over- 
exertion. 

7.  A  muscle  which  refuses  to  respond  to  any  current  nuiy 
sometimes  be  made  to  contract  by  interrupting  the  current 
slowly  so  as  to  give  time  for  the  impression  to  be  carried  to 
the  motor  roots  and  return.  Investigations  to  discover  the 
rate  of  transmission  of  nerve  force  have  brought  out  an  im- 
portant fact,  namely,  that  the  rapidity  of  transmission  of  nerve 
force  varies  in  different  persons,  and  in  the  same  person  on 
different  occasions.  There  is  a  diflFerence  in  the  quickness 
with  which  they  receive  impressions  on  the  senses.     In   every 
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case  there  is  slight  delay,  so  that  no  phenomenon  is  perceived 
at  the  instant  of  its  occurrence.  If  interruptions  occur  with 
greater  rapidity  than  the  impressions  can  be  transmitted,  the 
nerve  is  thrown  into  a  tetanic  state,  which  causes  pain  and 
liability  to  reflex  action  that  in  cases  due  to  cerebral  hemor- 
rhage might  excite  a  fresh  attack. 

8.  So  long  as  muscles  preserve  electric  contractility  they 
can  be  preserved  from  complete  fatty  degeneration  by  judicious 
use  of  electricity.  Cases  resulting  from  forced  or  continuous 
work  are  most  hopeful.  The  sitting  should  not  exceed  eight 
to  ten  minutes  each  day.  Electric  massage  with  a  roller 
electrode,  like  the  one  shown  in  Fig.  131,  will  be  found  very 
eifective  in  improving  the  nutrition  of  paralyzed  muscles 

9.  Some  sort  of  gymnastic  exercise,  which  will  bring  into 
action  the  paralyzed  muscles,  should  be  devised  by  the  practi- 
tioner, and  the  patient  should  be  instructed  to  make  daily 
systematic  attempts  to  produce  volant'nry  motion  in  the  afiected 
parts.     Tliis  is  the  most  important  part  of  the  treatment. 

10.  The  paralyzed  muscles  should  be  excited  individually, 
so  as  to  rouse  up  their  movements  equally.  The  current  should 
be  made  to  traverse  the  nerves  in  the  direction  of  their  length. 
This  is  especially  important  after  cerebral  hemorrhage. 

11.  The  treatment  must  not  be  too  prolonged.  If  the 
muscles  do  not  recover  their  movements  after  fifteen  or  twenty 
sittings,  discontinue  for  a  time  and  then  recommence. 

12.  Where  the  nerves  and  muscles  of  the  affected  side  react 
equally  to  those  on  the  healthy  side  under  the  influence  of 
electricity,  the  galvanic  current  will  accomplish  more  than  the 
faradic. 

13.  Twitchings  of  the  fingers  and  toes,  so  often  connected 
with  hemiplegia,  which  occur  at  night  and  interfere  with  sleep, 
are  relieved  more  certainly  by  galvanism  than  by  faradism. 
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14.  Althaus  concludes,  as  the  result  of  his  observation  on 
out-patients  of  the  hospital,  in  whom  he  had  an  opportunity  of 
witnessing  the  effects  of  protracted  treatment,  that  few  cases, 
however  bad,  are  utterly  incapable  of  amendment. 

Caution.  Before  treating  paralysis  of  any  of  the  muscles 
about  the  head  it  is  important  to  distinguish  between  those 
cases  in  which  the  affection  is  due  to  disease  of  the  brain  and 
that  due  to  paralysis  of  the  seventh  pair  of  nerves.  The  latter 
can  be  readily  relieved  by  electricity,  but  great  care  nmst  be 
exercised  in  treating  the  former  lest  a  fresh  attack  be  produced. 
It  is  many  times  very  difficult  to  distinguish  between  them, 
but  this  is  said  to  be  a  reliable  indication :  When  the  contrac- 
tility of  the  muscles  under  the  stimulus  of  the  faradic  current 
is  perfect,  the  cause  is  in  the  brain  ;  when  the  orbicular  muscles 
of  the  eyeball  are  paralyzed,  it  is  an  indication  that  the  paralysis 
does  not  originate  in  the  brain,  but  depends  upon  the  nerve 
alone. 

Paralysis  Originating  in  the  Brain. — Galvanism.  The 
time  which  must  elapse  after  an  attack  of  paralysis  occurs  from 
cerebral  hemorrhage,  before  it  is  safe  to  employ  electricity,  is 
one  upon  which  authors  ai*e  not  agreed.  Bemak  advises  to 
begin  early  to  galvanize  the  sympathetic  and  the  cerebral 
vessels  of  the  side  opposite  to  the  paralysis,  in  order  to  pro- 
mote absorption  of  the  clot.  Onimus  and  Legros  agree  with 
him,  and  say  that  this  may  be  begun  within  seven  or  eight 
days  after  the  attack.  The  positive  pole  should  be  applied  to 
the  forehead  on  the  side  of  the  lesion,  and  the  negative  at  the 
nape  of  the  neck ;  a  current  of  from  three  to  four  cells  is 
passed  through  the  seat  of  injury  for  two  or  three  njinutes. 
Afl^i'ward  the  superior  cervical  ganglia  is  galvanized  with  a 
more  powerful  current  (five  to  seven  cells)  for  about  five 
minutes.  All  shocks  from  interruption  of  the  current  must  be 
amoided,      Althaus  states  emphatically  that  electric   treatment 


388  ELECTRO-THEBAPBUnCS. 

should  be  postponed  until  all  danger  of  cerebral  fever  is  passed, 
and  if  this  occurs  it  comes  on  in  the  second  or  third  week ; 
therefore  the  application  of  gahxmism  is  safe  after  fourteen  to 
eighteen  days  have  elapsed  since  the  attack.  Prof.  Furck,  of 
Vienna,  has  shown  that  if  the  paralysis  continues  for  six 
months  or  longer,  atrophy  of  the  nervous  fibers  of  the  opposite 
antero-lateral  columns  of  the  spinal  cord  are  apt  to  come  on, 
and  when  this  process  has  reached  a  certain  stage,  any  treat- 
ment will  inevitably  fail ;  this  emphasizes  the  importance  of 
beginning  early.  If  the  patient  is  seen  within  three  weeks 
after  an  attack,  the  method  of  Onimus  and  Legros  is  to  be 
preferred.  When  several  months  have  elapsed,  galvanization 
or  faradization  of  the  afiected  muscles  must  be  undertaken. 
It  will  sometimes  occur  that  a  muscle  which  at  first  fails  to 
respond  to  faradism  will,  after  galvanization,  exhibit  traces  of 
faradic  contractility.  In  these  cases  both  currents  may  be  advan- 
tageously employed. 

Facial  Paralysis.  When  the  mouth  is  drawn  toward  the 
afiected  side,  bend  a  silver  wire  in  the  form  of  a  hook,  slip  it 
over  the  angle  of  the  mouth  and  fasten  the  other  end  around 
the  ear,  drawing  the  mouth  into  its  natural  position,  and  then 
apply  the  current  to  the  facial  muscles  one  by  one  by  means 
of  Duchenne's  Points. 

Lead  P.vralysis.  This  form  of  paralysis  affects  certain  groups 
of  muscles  leaving  others  intact.  The  arms  and  hands  suffer,  but 
the  lower  extremities  do  not,  in  many  instances ;  and  in  the  arm 
the  flexor  muscles  are  spared  and  the  extensors  are  attacked. 
The  common  extensor  muscle  of  the  fingers  is  first  affected  ;  the 
extensor  of  the  first  and  little  finger  in  their  turn,  and  at  last  the 
tensors  of  the  wrist  and  ball  of  the  thumb.  Faradic  excitability 
is  always  diminished  and  often  lost,  even  before  the  muscles  have 
wasted  but  slightly.  This  is  regarded  as  an  important  means  of 
diagnosis  between  paralysis  due  to  lead  and  that  dependent  upon 
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other  cansee.      Wrist  drop  is  fi^quently  the  first  symptom  that 
attracts  attention. 

Farddism.  The  treatment  by  the  faradic  current,  according 
to  Duchenne,  is  very  tedious,  requiring  from  thirty  to  one  hun- 
dred sittings.  Sulphur  baths,  iodide  of  potash,  shampooing  and 
"nervous  gymnastics,"  should  form  a  part  of  the  treatment. 
Duchenne  coined  the  latter  term,  which  refers  to  repeated  exer- 
cise of  the  voluntary  contractility  so  long  as  the  patient  possesses 
any  power  over  the  muscles. 

Gahanismi,  When  faradic  contractility  is  gone,  the  galvanic 
current  must  be  employed.  Galvanic  baths  have  been  tried  with 
a  view  of  removing  the  lead  from  the  system.  Vergnes  in  1852 
had  an  obstinate  ulceration  of  the  hands  caused  by  electro-plating. 
Holding  them  in  an  electric  bath  in  contact  with  the  positive 
pole  for  fifteen  minutes,  the  negative  plate  in  the  bath  was  cov- 
ered with  gold  and  silver  from  the  ulcer.  A  few  repetitions  of  this 
treatment  cured  the  ulceration.  This  method  has  since  been  tried 
to  remove  both  mercury  and  lead  frorti  the  body,  as  well  as  to 
convey  medicines  vnto  the  body.  It  has  been  suggested  that 
galvanism  be  used  in  connection  with  sulphur  baths,  the  patient 
being  connected  with  the  positive  electrode,  and  the  water  being 
made  the  negative  electrode.  The  positive  may  be  fastened  on 
the  nape  of  the  neck,  or  be  held  in  the  patient's  hands  above 
the  water.  Dr.  Anstie  successfully  treated  an  extreme  case  of 
this  disease.  He  employed  the  galvanic  current  dail}'  for  eight 
weeks  to  the  aflfected  muscles ;  faradic  excitability  having 
returned  at  that  time,  faradization  for  another  month  almost 
completely  restored  the  power  and  bulk  of  the  muscles. 

Tremors. — Galvanism,  Dr.  M.  C.  Paul*  reported  at  a  meet- 
ing of  the  Societe  de  Tlierapeutique  fourteen  cases  from  his  own 
practice,  which  included  cases  of  mercurial  trembling,  chorea. 


*  Bull,  de  la  Soc.  de  Th^rap.,  1881,  p.  123. 
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paralytic  ataxia,  scrivener's  palsy,  and  trembling  of  the  hands 
caused  by  sclerosis  in  patches.     All  were  greatly  benefited. 

Speaking  of  the  characteristics  of  mercarial  tremor,  Dr.  Paul  says  that 
its  onset  is  sudden  and  unexpected.  The  patient  perceives  that  his  arm  has 
fiEuled  him,  and  from  thid  moment  the  tremor  invades  successively  the  left 

m 

arm,  and  then  first  one  leg  and  then  the  other.    It  preserves  during  its 
whole  course,  and  until  cured,  three  characters  : 

1.  The  onset  is  sudden. 

2.  The  tremor  is  continuous;  once  having  appeared,  it  does  not  cease. 

3.  It  is  progressive,  the  interval  between  its  extension  from  one  limb  to 
another  being  ver>'  brief,  though  it  is  longer  between  the  upper  and  the 
lower  members.  In  one  case  the  attack  first  involved  the  masseter ;  but 
this  is  rare. 

In  alcoholic  tremor  the  course  of  the  affection  is  quite  different  It  is 
slow,  progressive,  and  proceeds  by  successive  attacks.  Thus,  the  day  after 
a  debauch  the  patient  observes  that  his  hands  tremble  and  fiul,  but  after 
the  effect  of  the  debauch  has  passed  off  the  tremor  disappears.  At  a  subse- 
quent debauch  the  tremor  again  appears,  lasting  this  time  a  little  longer. 
At  each  new  attack  the  tremor  lasts  a  little  longer,  until  at  last  the  drunkard 
cannot  work.  Although  slight  alcoholic  tremor  is  not  rare,  yet  tremor  to 
such  a  degree  as  to  prevent  work  or  locomotion  or  eating,  is  rare. 

Both  mercurial  and  alcoholic  trembling  are  amenable  to  treatment  by 
the  galvanic  bath.  But,  while  twenty-five  baths  are  required  to  cure 
mercurial  tremor,  six  to  eight  are  sufiicient  to  cause  alcoholic  tremor  to 
disappear. 

Progressive  Mcscclar  Atrophy. — Ga/vani^n.  Dr.  Neu- 
mann, of  Madgeburg,  has  succeeded  in  curing  one  case  which 
had  proceeded  to  paralysis  of  all  four  extremities.  A  galvanic 
current  equal  to  that  from  ten  zine-csirbon  cells  was  directed 
to  the  sympathetic,  the  positive  being  directed  to  the  naj>e  of 
the  neck,  and  the  negative  on  the  throat,  live  minutes  at  each 
side  for  three  months,  every  day,  and  then  the  negative  was 
applied  to  the  upper  cervical  ganglion,  and  the  positive  to 
the  lower  ganglion  likewise  for  live  minutes  each  time.  It 
required  nearly  a  year  and  a  half  to  completely  restore  the 
patient. 
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Locomotor  Ataxia. — Faradism.  At  the  meeting  of  German 
physicians  and  scientists  at  Eisenach,  Dr.  Th.  Rumpf*  reported 
two  cases  of  locomotor  ataxia  greatly  benefited  by  the  use  of 
faradic  electricity  appUed  with  the  brush,  and  in  whom  the 
symptoms  had  not  returned  after  several  years.  He  uses  a 
<;urrent  not  quite  strong  enough  to  cause  pain.  The  positive 
pole  is  applied  to  the  sternum  ;  the  other,  represented  by  the 
brush,  is  applied  in  rapid  succession  to  the  back  and  lower 
limbs.  The  duration  of  the  application  is  ten  minutes.  The 
effect  upon  the  lancinating  pains  is  quite  marked,  and  common 
sensation  is  greatly  improved.  In  cases  where  the  disturbances 
of  sensibility  and  pain  are  very  marked,  and  the  disease  is  not 
too  far  advanced,  this  method  gives  praiseworthy  results,  which 
are  unattainable  by  the  older  methc>ds  of  treatment.  He  has 
«ince  reported  a  successful  trial  of  the  brush  in  a  series  of  cases, 
though  more  time  is  required  to  determine  the  permanency 
of  the  result.  Hef  described  one,  however,  in  which  the 
patient  had  been  in  good  condition  for  two  years  after  a  six 
weeks'  course  of  treatment.  He  had  had  lightning  pains, 
parsesthesise  and  ataxia,  impotence  and  disturbed  micturition. 
Tlie  knee-jerk  was  not  abolished.  All  the  symptoms  disappeared 
except  the  sexual  weakness. 

Oal/vanism.  Dr.  Engelskjon  found  that  the  galvanic  current 
applied  in  the  same  way  produces  the  same  effect,  and  further 
that  it  is  due  solely  to  the  peripheral  nerve  irritation.  He 
claims  that  this  treatment  is  of  no  value  when  the  first  symptoms 
of  the  disease  are  referable  to  atrophy  of  the  optic  nerve. 

Epilepsy. — Faradimn,  Dr.  Edward  C.  MannJ  reports  three 
cases  cured  by  means  of  the  faradic  current  in  addition  to 
phosphide  of  zinc  and  massage.     The  bromides  were  not  used 

•Beriin  Klin,  Wochen, 

f  Brain,  April  1883. 
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at  all.  He  believes  electricity  in  the  form  of  general  faradization 
possesses  a  special  p>ower  for  good,  over  tlie  nervons  system, 
in  these  cases. 

Galvanism.  A  few  cases  are  reported  cured  by  the  long- 
conCiniied  application  of  a  galvanic  current  from  a  belt.  The 
positive  electrode  uncovered  was  fastened  to  the  nape  of  the 
neck  while  the  negative  in  a  moist  cover  was  placed  on  the 
knee  (patella).  The  cnrrent  continued  to  act  twenty-four  hours, 
when  it  became  necessary  to  recharge  the  cells  witli  fluid  and 
clean  the  electrodes.  It  required  six  months  of  this  treatment 
to  effect  a 


[It  illuatnled  kbore  is  formed  by  two  tepanue  electrodes ;  1.  Tlie  ToUer; 
2.  The  iDLeriuptlng  handle.  The  roUer  la  bran,  itudded  wltb  nickel-plated  roiuded  pro- 
Jecilana,  iuanlated  rromeacb  otber  b]r  bUck  bard  rubber.  Tbe  nlckel-pUled  (Tame  to  which 
It  ii  batened  lermlnatea  in  ■  ncrew  which  flu  the  nnlvenal  handle,  with  which  It  may  be 
UMd  when  the  ipecia]  eflbclortheiDtermpllag  handle  Is  not  needed.  The  latter  !■  made 
of  poUihed  black  rubber.  Tbe  nlcket-aprlog  ahown  upon  the  end  next  the  roller  when 
presied  dawn  completea  the  connection  through  the  handle;  wben  releued, the  circuit  li 
broken,  therefore  the  intemipUoika  can  be  ec 


FranMini«m.  Artbius  relates  a  remarkable  instance  of 
recovery  under  the  influence  of  franklinism  in  the  case  of  a 
boy  of  twelve,  epileptic  for  ten  years,  with  paralysis  and  atrophy 
of  right  arm.  A  very  gentle  application  was  given  at  first; 
treatment  was  continued  two  months.  At  the  end  of  that  time 
he  had  partially  regained  the  use  of  his  arm,  and  from  the  first 
treatment  he  had  no  return  of  epilepsy.  Six  months  alter  he 
had  continued  free  from  any  symptoms  of  the  disease. 
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MISCKLLANKOITS   niSEASES. 


iNTERMirrENTS.  Electpicity  baa  been  employed  by  conti- 
nental  piiyBieians  with  exrellent  success,  according  to  their  reports, 

1  in  various  forms  of  intermittents.     Prof.   Rienzi*  has  found 

I  that  in  a  majority  of  cases  the  fever  is  stopped,  and  freqnently 
more  promptly  than  with  quinine.  In  nine  cases  he  had  five 
complete  cures,   two  improvetl,   and    two   failures.     They  were 

'  treated  with  the  galvanic  and  faradic  enrrent,  but  the  latter  has 
proven  the  more  efficient.     Tie  has  not  been  able   to  ascertain 

I  why  some  cases  were  rapidly  and  completely  cnred,  and  others 
but  little  benefited ;  or  when  electricity  is  to  be  preferred  to 
quinine. 


I 


Thta  eue  conMIni  the  electrodes  ordtunrll]'  required  fC 
MnreraduidTelTet'llncrd.  ThulilghLy  polltbed  black  rubbvr  and  ibe  bright  nlckcl-plated 
meUl  ftirmliiK  tbD  electrodes  mnke  a  bMutlful  contnat  with  the  blue  or  crlmun  chiule  of 
the  velvet.  It  Is  of  light  welgbC  and  mar  eullr  be  carried  in  ibe  haud,  making  not  only 
■B  Bltnctlve  but  an  eiceedlngljr  convenlenl  additloD  to  a  physician's  oultil. 

Dr.  Schroder,  of  St.  Petersburg,  reports  forty-two  cases  of 
intermittent  fever,  some  of  wbich  were  old,  and  in  most  of 
which  the  usual  medication  had  proved  of  little  use,  iu  which 
he  had  almost  uniform  success  by  faradiziug  the  spleen.     His 
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method  is  to  hold  one  electrode  on  the  left  hypochondrium, 
while  the  other  is  carried  slowly  along  the  edges  of  the  enlarged 
spleen  for  five  minutes,  daily. 

Dr.  Blackwood*  reports  thirty  cases  of  ague,  including 
twenty-two  of  the  tertian  type,  five  quotidian  and  three  quartan, 
treated  by  electricity  without  medicine  of  any  kind,  with  the 
exception  of  a  single  dose  of  sulphate  of  magnesia  in  water, 
acidulated  with  a  drac»hm  of  aromatic  sulphuric  acid,  to  com- 
mence on.  The  quartan  cases  were  all  adults,  the  quotidian 
all  children.  In  eighteen  it  was  their  first  attack  ;  the  remaining 
twelve  had  suffered  from  previous  attacks,  and  all  the  latter 
had  enlarged  spleen.  The  plan  of  treatment  was  the  same, 
except  that  a  larger  dose  of  electricity  was  given  to  those 
with  enlargoil  spleen.  Faradism  was  principally  used,  but  in 
those  having  large  'Migue  cakes  ^^  galvanism  was  applied  at 
the  cU^se  of  the  sitting,  not  from  any  attempt  to  control  the 
disease,  but  because  the  reduction  of  glandular  hypertrophy  is, 
in  cunible  oiises,  more  readily  secured  by  galvanism.  A  cur- 
rent as  stn>ng  jis  ci>uld  be  comfortably  borne  was  passed  first, 
one  iH>le  Knng  located  over  the  solar  plexus;  the  other  over 
the  liver,  before  and  behind,  for  five  minutes,  and  then  over 
the  spleen  for  five  more.  After  tliat  about  five  minutes  were 
s}x^nt  in  gononil  faradization  of  the  abdomen  and  spine.  He 
lays  groat  stress  on  the  imi^ortance  of  taking  treatment  eariy 
in  the  morning.  When  galvanism  was  employed,  a  current 
frt^m  ten  to  fifteen  cells  was  sent  as  directly  as  possible  throngh 
the  spleen,  witJiout  intomiivtion,  for  from  five  to  fifteen  minutes^ 
duration.  Although  galvanism  promj^ly  reduces  the  sixe  of 
the  liver,  it  has  no  etfeot  in  relieving  the  ague.  In  the  terdan 
and  quartan  cases,  with  few  exceptions,  they  were  treated 
djuU'  without  reference  to  the  hour  ot  invasion  of  the  diill. 
Tlu   oxropiio^ia^i  ca^k^s  won    troiOttxi   two  or  three  times  daily, 
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and  the  resalts  indicated  that  this  is  preferable  to  a  single 
sitting.  The  quotidian  cases  had  two  sittings  daily.  The  result 
of  treatment  was  favorable  in  all  cases,  a  cure  resulting  in  from 
six  to  thirteen  days.  The  most  stubborn  case  was  a  quartan, 
the  chill  returning  with  full  force  four  times  before  being 
checked.  Twelve  of  the  tertian  subjects  had  no  return  after  the 
first  application,  seven  had  one  chill,  and  three  two  chills  after 
commencing  electrization.  The  returning  chills  were  always 
in  children. 

The  disadvantage  of  this  mode  of  treatment  is  that  the 
patient  must  visit  the  office.  He  protests  against  turning  the 
application  over  to  the  patient,  as  the  latter  is  almost  certain 
to  repeat  too  often  or  fail  to  reach  the  solar  plexus.  He 
believes  that  success  can  be  assured  only  in  the  hands  of  the 
physician  who  clearly  understands  the  motor  points  and  the 
method  of  applying  the  current  in  a  scientific  manner. 

Neuralgia. — Ocihanimi.  Dr.  Moritz  Meyer  strongly  insists 
upon  the  importance  of  carefully  searching  for  spots  that  are  pain- 
ful on  pressure  in  all  cases  of  obstinate  neuralgia.  The  first  case 
described,  the  attack  affected  the  right  arm  and  shoulder.  A 
painful  pressure  point  was  foimd  at  the  upper  part  of  the  brachial 
plexus.  The  positive  pole  of  a  current  from  ten  cells  applied  to 
it,  the  negative  being  held  in  the  hand,  considerably  alleviated 
the  pain  within  five  minutes.  A  repetition  of  the  operation  four 
times  during  the  ensuing  week  was  sufficient  to  effect  a  complete 
cure.  Two  other  cases  in  which  galvanism  applied  to  the 
arm  had  failed  to  relieve  were  cured  when  it  was  directed  to 
painful  pressure-points ;  one  had  suffered  nine  months  and 
was  completely  relieved  by  seventeen  applications;  the  other, 
after  two  years  of  suffering,  fully  recovered  after  fifty  applica- 
tions. Prof  Meyer  does  not  limit  this  mode  of  treatment  to 
neuralgia,  but  recommends  it  for  sick  headache,  twitching  of 
facial  muscles,  paralysis  following  a  sprain,  and  all  neuroses 
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in  which  pain  is  elicited  by  pressure  at  any  points  along  the 
spine  or  the  course  of  a  nerve  trunk.  Bemak  and  Brenner 
also  emphasize  the  importance  of  examining  for  and  treating 
these  points ;  in  every  instance  they  recommend  that  the  posi- 
tive be  placed  on  them. 

M.  Magendie  was  the  first  to  employ  needles  in  the  treat- 
ment of  neuralgia.  He  introduced  two  platinum  needles,  one 
at  the  origin  of  the  nerve,  or  in  its  vicinity,  and  the  other  at 
its  tennination,  using  an  increasing  galvanic  current.  After 
the  cessation  of  pain,  which  does  not  generally  take  place 
until  after  several  sittings,  the  needles  were  not  immediately 
withdrawn,  but  the  patient  was  made  to  perform  some  of  the 
movements  that  generally  bring  on  the  neuralgia.  He  some- 
times applied  the  faradic  current  in  the  same  manner. 

Faradism.  Becquerel  was  one  of  the  first  to  recommend 
the  use  of  strong  and  very  rapid  cm^rents.  He  advised  a 
secondary  faradic  current  with  wet  sponge  electrodes,  and 
directed  the  positive  pole  to  be  placed  over  the  part  of  the 
nerve  nearest  the  nerve  center  and  the  negative  over  the 
branches.  If  the  poles  are  reversed,  the  final  eflect  will  be 
the  same,  but  the  pain  during  the  sitting  will  be  much  more 
acute. 

Neuraxgia  of  the  Brain. — Galvanisra.  This  may  lead  to 
insanity  if  not  checked.  In  addition  to  rest,  sleep,  and  an 
improved  or  suitable  diet,  a  mild  galvanic  current  passed 
through  the  brain  for  a  few  minutes  daily  will  generally 
improve  nutrition  of  the  brain  and  relieve  the  nervous  pros- 
t/iition. 

Supra-Orbital  Neuralgia. — Faradism,  Becquerel  reported 
the  following  method  successfully  employed  in  numerous 
cases.  A  primary  faradic  current  is  passed  through  the  head 
by  placing  a  moist  sponge  electrode  on  each  temple  during  the 
first    half   of  tlie    sitting    and   between  the   two    supra-orbital 
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nerves  during  the  second  half.     The  sittings  may  be  repeated 
when  the  pain  reappears. 

FrmMini^m,  Supra-orbital  neuralgia  has  been  relieved  by 
electrifying  a  patient  on  an  insulated  platform  and  then  draw- 
ing sparks  from  the  brow  and  temple  for  some  minutes. 
Relief  follows  immediately,  if  at  all. 

Tie  DoLOUREUx.  Neuralgia  of  the  face  is  of  two  kinds ;  a 
mild  and  a  severe  form.  The  former  generally  comes  on 
after  exposure  to  cold  and  damp,  or  after  mental  emotions,  or 
is  owing  to  caries  of  a  tooth ;  it  is  not  made  worse  by  mov- 
ing the  face,  and  it  occurs  at  all  periods  of  life,  while  the 
latter  occurs,  generally,  without  any  apparent  cause,  is  almost 
entirely  confined  to  advanced  age,  and  is  brought  on  or  made 
worse  by  the  least  movement  of  the  face.  The  mild  form 
yields  to  many  remedies,  and  especially  to  electricity,  while 
the  latter  defies  almost  every  method  of  treatment ;  yet  it 
sometimes  yields  to  gai/vcmism  and  framMinism.  Each  case 
will  require  special  treatment ;  therefore,  only  general  sugges- 
tions can  be  given.  One  pole  may  be  located  over  the  cervi- 
cal ganglia,  and  the  other  attached  to  a  suitable  electrode  may 
be  passed  over  the  face,  or  one  may  be  applied  within  the 
mouth  against  the  cheek,  and  the  other  to  the  temple  and 
external  surface  of  the  cheek.  The  direction  of  the  current 
must  be  determined  by  experiment  in  each   individual  case. 

Franklinism  is  employed  by  the  method  of  charging  the 
patient  and  drawing  sparks  from  the  affected  parts. 

Brachial  Neuralgia. — G(ilvani»m  AioxiM.  be  applied  through 
the  brachial  plexus,  one  electrode  being  located  at  the  point 
indicated  by  electrode  B,  Fig.  74,  and  the  other  being  moved 
repeatedly  downward  along  the  course  of  the  pain. 

Intercostal  Neuralgia. — FrarJdinimi,  When  there  is  no 
discoverable  cause,  and  galvanism  and  faradism  botli  fail  to 
give  relief,  this  form  of  neuralgia  has  been  cured  by  charging 
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the  patient  with  franklinic  electricity,  and  drawing  sparks  from 
the  painfbl  region  for  ten  or  fifteen  minutes.  Sittings  may  be 
repeated  daily. 

J^ranilinism.  Dr.  V.  J.  DrosdoflF,*  St.  Petersburg,  has  tried 
the  effects  of  static  electricity  on  twenty  patients,  suffering  fix>m 
various  reflex  and  rheumatic  neuralgia  or  muscular  rheumatism. 
The  franklinic  currents  of  all  d^rees  were  applied;  all  the 
patients  were  left  uninsulated  and  franklinized  during  from  fire 
to  fifteen  minutes  at  a  sitting,  by  the  positive  pole  alone.  The 
conclusions  the  author  arrived  at  are  as  follows:  1.  The  sen- 
sation of  the  franklinic  current  is  different  from  that  of  the 
faradic  and  galvanic.  The  weak  currents  cause  a  burning  sen- 
sation, the  strong  ones  a  sensation  of  concussion  or  stroke,  at 
the  point  where  a  spark  is  produced.  2.  The  electricity  dis- 
tributes itself  all  over  the  body,  and,  during  a  sitting,  sparks 
may  be  produced  by  contact  at  any  desired  point  of  the  surface. 
Tlie  strength  of  a  spark  lessens  with  the  increase  of  distance 
from  the  franklinized  point.  3.  The  skin,  at  the  point  of 
franklinization,  at  first  becomes  red  and  anserine,  then  pale  and 
nearly  white ;  an  artificially  produced  erythema  disappears.  4. 
The  general  functions  undergo  some  considerable  changes ;  the 
heart's  reaction  shows  retardation  (four  to  twelve  beats  less  in 
a  minute) ;  the  pulse  becomes  fuller ;  the  respiration  deeper  and 
slower;  the  quantity  of  urine  voided  after  a  sitting  is  often 
considerably  increased.  6.  The  most  striking  changes,  how- 
ever, are  observed  in  parts  affected  with  neuralgia  or  rheuma- 
tism. Immediately  aft;er  a  sitting,  pain  and  tenderness  disappear, 
and,  during  the  remaining  part  of  the  day,  the  patients  feel 
much  better  than  before  a  sitting.  Each  successive  franklini- 
zation brings  a  further  decrease  in  intensity  of  neuralgia.  In 
cases  of  short  standing,  three  or  four  sittings  suflice  to  com- 
pletely  remove   the   agonizing  pains.     Ten   to   fifteen    sittings 

mm  ^   •  - 

♦  Medical  Record,  Nov.  15, 1883,  p.  452. 
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cured  even  eases  of  neuralgia  of  twelve  years'  standing,  which 
had  obstinately  resisted  galvanization,  faradization,  and  all  pos- 
sible therapeutic  means.  In  each  of  the  author's  cases  either 
complete  cure,  or  very  considerable  improvement,  followed.  6. 
There  is  no  necessity  to  undress  a  franklinized  patient,  as  the 
therapeutic  eflfects  of  this  excellent  agent  remain  unchanged — 
a  circumstance  of  practical  importance  in  female  cases. 

Sciatica.  Those  cases  in  which  the  pain  is  of  a  dull  and 
aching  character  rather  than  sharp  and  darting,  where  vigorous 
rubbing  or  firm  pressure  are  not  disagreeable  and  frequently 
give  relief,  sometimes  resist  the  faradic  as  well  as  the  continu- 
ous galvanic  current.  They  may  be  permanently  cured  by  a 
powerful  galvanic  current,  which  is  interrupted  at  regular  inter- 
vals, so  as  to  produce  violent  muscular  contractions. 

Dr.  V.  P.  Gibney  reported  *  thirty-two  cases  of  sciatica  treated 
with  a  very  strong  current ;  in  some  instances  lively  erythema  was 
observed  around  the  electrode,  and  in  two  patients  an  eschar 
was  found  after  the  electrode  was  removed.  No  bad  eflfects 
were  found  to  follow  these  strong  currents.  With  regard  to 
the  direction  of  the  current.  Dr.  Gibney  believes  that  it  is  im- 
material, though  all  his  cases  were  treated  with  the  ascending 
current.  In  the  earlier  cases  the  positive  pole  was  placed  over 
the  lumbo-sacral  region,  and  the  negative  over  the  seat  of  the 
pain.  In  the  latter  cases,  the  positive  pole  was  placed  over 
the  trunk  of  the  nerve  at  its  exit,  and  the  negative  over  the 
seat  of  the  pain.  It  is  best  not  to  move  the  sponges  from 
place  to  place  during  one  sitting,  as  the  contractions  which  fol- 
low the  breaking  of  the  current  prove  too  irritating  to  the 
nerve.  If  the  pains  are  diffuse,  it  is  better  to  reach  the  dis- 
tribution of  a  single  branch  at  a  single  sitting.  At  the  next 
sitting  another  branch  can  be  embraced  in  the  galvanic  current. 
Tlic  sitting  should  vary  from  five  to  fifteen  minutes,  and  should 

*  Trans.  Am.  Med.  Assoc.,  1880. 
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be  held  daily,  or  at  least  every  other  day.     No  internal  reme- 
dies were  employed  in  any  of  the  eases  reported. 

Muscular  Rheumatism. — Galvanism.  A  galvanic  current, 
from  eight  to  ten  zinc-carbon  cells,  should  be  carried  through 
each  muscle  for  about  two  minutes  at  a  time.  The  best 
results  from  the  employment  of  electricity  in  rheumatism  are 
obtained  in  cases  where  the   disease  affects  the  muscles  only. 

Lumbago. — It  is  said  that  about  one  half  of  these  cases 
yield  to  faradism,  about  one-third  to  galvanism,  and  the  re- 
mainder only  to  electro-puncture  of  the  affected  muscles. 
Electro-thermal  baths  of  all  kinds  are  the  most  effective 
remedy  for  the  various  forms  of  rheumatism  and  some  forms 
of  neuralgia.  Water,  vapor  or  hot  air  should  be  selected 
according  to  general  indications  given  in  the  chapter  on  baths. 
The  patient  needs  to  be  impressed  with  the  importance  of  per- 
severance and  regularity  in  receiving  treatment  If  these  con- 
ditions can  be  secured  and  the  practitioner  has  reasonable 
skill  in  the  management  of  electricity,  it  is  very  mre,  indeed, 
that  the  patient  will  not  be  greatly  benefited,  even  though 
the  disease  may  be  accompanied  by  organic  changes  that 
forbid  a  perfect  cure. 

Akticular  Rheumatism. —  Oahanism.  *  Professor  Seelig- 
miiller  claims  to  have  met  with  remarkable  success  in  the 
treatment  of  chronic  articular  rheumatism  by  electricity.  He 
uses  a  metallic  brush  electrode  with  stiff  wires,  which  he 
connects  with  the  negative  pole,  the  positive  pole  being  at- 
tached to  a  flat  sponge  electrode.  The  latter  is  dampened  and 
placed  on  the  limb  near  the  offending  articulation,  then  the 
metallic  brush  is  applied  over  different  parts  of  the  joint, 
being  held  in  contact  with  the  integument  in  each  place  for 
the  space  of  from  one  to  ten  seconds.  The  application  is  very 
painful,  but  the  professor  remarks  that  the  patients  soon  grow 

•DeuUche  Mediciniame  Wochauchrifl,  October  17, 1888. 
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used  to  it  After  a  sitting  the  skin  is  covered  all  over  with 
little  dots,  looking  as  if  the  Bannscheid  instrument  had  been 
employed.  The  mode  of  action  the  author  does  not  explain, 
but  thinks  it  cannot  be  entirely  owing  to  the  counter-irntation, 
for  he  has  used  other  equally  severe  cutaneous  irritants  with 
out  meeting  with  anything  near  the  success  obtained  by  this 
method.  One  patient,  who  had  been  treated  for  eight  years 
for  chronic  rheumatism  by  all  sorts  of  methods,  was  able, 
after  the  first  application  of  electricity,  to  raise  his  arm,  which 
had  been  powerless  for  six  months ;  aft»r  the  third  application 
all  the  movements  were  normal.  Ajiother  man  was  unable 
to  move  either  his  wrist  or  his  shoulder,  owing  to  rheuma- 
tism, and  aft;er  five  sittings  was  discharged  as  cured,  and  was 
able  to  resume  his  work  as  a  stonemason. 

ABTHEins  DEFOBfiiAJNS.  —  Rhcumatic  gout  calls  for  the  gen- 
eral application  of  electricity  in  addition  to  other  remedies  for 
building  up  the  system.  The  deformities  of  the  joints  of  the 
hands  and  feet  require  great  patience  and  perseverance  on  the 
part  of  both  physician  and  patient  to  accomplish  any  marked 
reduction.  Althaus  says  that  no  one  who  has  not  seen  it  can 
have  any  idea  of  the  beneficial  effects  which  galvanism  will  pro- 
duce in  the  long  run  on  these  deformities,  even  when  they 
are  extensive,  and  where  the  patients  are  not  very  old.  He 
recommends  galvanization  of  the  sympathetic  nerve.  The 
current  should  be  used  daily  or  three  or  four  times  a  week 
for  at  least  one  month  or  six  weeks.  If  after  this  time  there 
is  no  decided  progress,  it  should  be  omitted  for  a  time  and 
then  resumed.  Dr.  Butler  has  had  success  by  immersing 
the  affected  joints  in  a  weak  solution  of  carbonate  of  soda, 
which  he  makes  the  positive  electrode,  the  negative  being 
placed  high  up  on  the  affected  limb  or  on  the  spine  near  the 
origin  of  the  nerve  supply. 
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Cricks  in  the  Neck  aito  Shouldebs. — ^When  rigidity  of  the 
muscles  is  midway  between  the  acute  and  chronic  state,  and  not 
yet  permanently  contracted,  place  the  antagonistic  muscles  in 
a  state  of  artificial  rigidity  by  means  of  localized  electrizations 
with  rapid  intermissions.  Either  the  faradic  or  interrupted 
galvanic  may  be  employed. 

Torticollis  (Wry  Neck). —  Always  restore  the  head  to  the 
natural  position^  and  keep  it  there  while  electriziihg  the  muscles. 
When  wry  neck  is  caused  by  paralysis  of  certain  muscles  in 
the  neck,  treatment  should  be  addressed  to  these  muscles  for  the 
purpose  of  restoring  their  tonicity  and  power  of  antagonizing 
the  muscles  of  the  opposite  side.  The  faradic  or  interrupted 
galvanic  currents  are  indicated  for  this  purpose.  When  the 
affection  is  due  to  spasmodic  muscular  contraction,  a  mild  con- 
tinuous downward  galvanic  current  is  indicated.  The  positive 
electrode  is  placed  on  the  nape  of  the  neck,  and  the  negative 
is  slowly  passed  from  the  origin  to  the  insertion  of  the  muscles 
to  be  tieated. 

Chorea. —  Galvanism,     Dr.  A.  D.  Kockwell  says: 

In  regard  to  chorea,  I  wish  that  the  profession  could  be  impressed 
with  the  value  of  electricity  in  this  disease.  I  do  not  refer  to  recent  cases, 
where  in  a  few  weeks  the  symptoms  spontaneously  subside,  aided  perhaps 
by  some  form  of  tonic  treatment,  but  to  those  of  a  chronic  character, 
which  persist  in  spite  of  judicious  medication. 

I  may,  perhaps,  be  accused  of  undue  enthusiasm,  when  I  say  that  I  have 
never  known  a  case,  even  of  long  standing,  fail  to  recover  when  the 
methods  of  central  galvanization  and  general  faradization  were  faithfully 
and  properly  carried  out. 

His  method  is  to  cover  the  head  almost  entirely  with  large 
sponge  electrodes,  and  to  send  through  it  a  gradually  increasing 
and  decreasing  galvanic  current. 

Dr.  Charles  Dana*  believes  that  he  has  devised  a  way  by  whicli 
more  powerful  effects  can  be  gotten  in  the  galvanization  of  the 

*  Archwea  qf  Medicine,  December  1883. 
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brain  than  by  the  ordinary  methods.  It  consist  in  placing  the 
foot  upon  a  metal  plate  connected  with  the  negative  pole,  and 
placing  the  positive,  a  large,  moist  sponge  electrode,  upon  the 
head.  He  has  succeeded  in  sending  a  current  from  forty  to 
sixty  Daniells  cells  (equal  to  about  twenty  to  thirty  zinc-carbon) 
from  head  to  foot  without  unpleasant  after-eflfects.  Great  caution 
slumld  be  observed  in  passing  mch  a  current  as  this  through  the 
brain^  and  tJie  possibility  of  producing  electrolys^is  of  the  brain- 
substance  should  not  be  lost  sight  of  He  claims  that  this  is  a 
most  valuable  adjunct  to  the  treatment  of  chorea,  and  that  given 
daily  for  a  week  or  ten  days,  with  arsenic  and  probably  without, 
it  will  materially  shorten  the  duration  of  the  disease.  If  there 
is  no  improvement  after  ten  days,  it  may  be  discontinued.  The 
majority  of  the  authorities  recommend  a  mild  galvanic  current 
applied  to  the  spine  as  an  adjuvant  in  this  disease.  Althaus 
commends  central  galvanization  with  faradization  of  the  affected 
muscles.  Bosenbach  and  Steifert  apply  galvanism  to  the  tender 
points  along  the  spine. 

Magnetism,  Dr.  Hammond  has  employed  magnets  in 
several  cases  of  chorea  with  the  following  reported  results : 

Case  1.  Girl,  aged  ten,  was  attacked  about  six  weeks  previous  to  treat- 
ment by  magnetism.  There  was  spasmodic  twitching  of  muscles  of  limbs, 
trunk  and  &ce,  with  loss  of  speech.  By  means  of  a  yoke  lapping  over  the 
neck  and  shoulders,  he  attached  two  horseshoe  magnets,  each  capable  of 
supporting  four  pounds  of  iron,  in  such  a  way  that  one  rested  over  the 
cervico-dorsal  region  of  the  spine,  and  the  other  over  the  sternum,  the  poles 
pointing  downward.  The  magnets  were  applied  at  1:30  p.m.,  at  1:55  all 
choreic  movements  had  ceased.  At  1:57  she  spoke  a  few  words, — "Yes; 
no ;  I  don't  know."  At  2:05  she  said :  "  I  want  to  go  home,  mamma."  The 
magnets  were  then  removed.  No  relapse  three  weeks  after,  when  case  was 
reported. 

He  also  treated  another  girl,  aged  eleven,  in  which  the  movements 
were  confined  to  the  left  side.  One  magnet  was  applied  in  front  of  the 
left  — .  J  .  and  the  other  to  the  cervical  region  of  the  spine.  Movements 
ceased  in  eleven,  minutes.    No  relapse. 


404  BLBGTRCHrHBBAFEUnOS. 

Hemiohobea.  When  the  affection  is  confined  to  one-half 
the  body  one  electrode  is  placed  over  that  side  of  the  head 
opposite  to  the  affected  side  of  the  body,  and  the  other  electrode 
is  placed  in  the  hand  of  the  affected  side.  The  electrode  on 
the  head  is  made  positive,  and  a  stabile  current  of  from  two 
to  four  zinc-carbon  cells  is  sent  through  the  circuit 

Hysteria.  Hysterical  affections  of  every  description, 
whether  spasmodic  or  paralytic  in  their  nature,  have  been  cured 
by  all  forms  of  electricity.  General  faradization  speedily 
removes  the  debility  present  in  many  cases,  and  is  especially 
adapted  to  those  in  which  there  is  loss  of  power  or  sensitive- 
ness in  any  part  Central  galvanization  relieves  pain,  spasms, 
hypersBSthesia. 

Franklinism  is  regarded  by  those  who  have  had  an  oppor- 
tunity to  witness  its  effects  as  superior  to  all  other  forms  of 
electricity  in  purely  hysterical  affections,  whether  characterized 
by  pain  or  anfesthesia,  by  spasmodic  contractions  or  paralysis 
of  muscles.  The  electro-positive  or  electro-negative  bath,  with 
electric  friction  or  massage  of  the  affected  muscles,  is  the  usual 
method  pursued.  Prof.  Charcot,  Dr.  Morton,  Dr.  Blackwood 
and  others  place  an  exalted  value  upon  this  agent  in  these 
affections. 

Galactagogue. — Framklinimn.  The  blood  supply  of  the 
mammary  glands  is  ample  and  can  be  readily  increased  by 
excitation.  Blackwood  claims  that  franklinic  electricity  is  best 
adapted  to  do  this,  and  claims  to  have  treated  three  cases  suc- 
cessfully that  had  repeatedly  suffered  from  scanty  milk  supply. 
Sparks  were  passed  through  the  breast,  and  in  ten  days  an 
abundant  supply  was  obtained,  which  continued  until  the  babe 
was  weaned.  The  static  induced  current  is  also  recommended 
for  the  san)e  purpose. 

Faradmn,  Becquerel  employed  a  mild  faradic  current, 
which  was  applied   through  moist  sponges  placed  successively 
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on  different  parts  of  the  breast.  The  sittings  continued  fifteen 
minutes ;  three  or  four  restored  the  secretion,  which  continued 
in  abundance. 

Enlaroed  Glands. — Oahxjmiwn.  The  following  method  of 
applying  electricity  to  enlarged  glands  has  proven  eminently 
successfiil  in  the  practice  of  Dr.  H.  H.  MacDonnell  (Dublin). 
Having  selected  the  gland  or  mass  of  glands  to  be  treated, 
moisten  the  surface  and  apply  the  negative  electrode  over  the 
most  prominent  part,  and  the  positive  about  three  inches  dis 
taut ;  keep  moving  the  positive  in  a  circle  around  the  negative 
quite  slowly  until  the  stimulus  has  been  sufiiciently  applied. 
Five  to  six  minutes  is  long  enough,  and  at  first  two  cells  only 
are  necessary.  At  following  sittings  more  cells  may  be  used, 
but  the  number  should  be  increased  cautiously,  and  if  there  is 
the  slightest  appearance  of  inflammatory  action,  as  evinced  by 
a  bluish-white  tint  under  the  negative  electrode,  a  couple  of 
cells  must  be  at  once  disconnected,  or  the  sitting  ended  on  that 
occasion.  He  has  never  used  more  than  eigliteen  cells  con- 
tinued for  three  minutes,  and  has  found  that  eight  to  twelve 
cells  give  the  most  satisfactory  results.  Some  patients  need 
the  application  of  the  current  three  or  four  minutes  twice 
daily ;  in  others  a  longer  application  once  only  answered 
better.  Even  diflferent  glands  or  masses  of  glands  in  the 
same  individual  progressed  more  rapidly  under  varying  con- 
ditions of  strength,  length  and  frequency  of  application.  He 
believes  fair-skinned  patients  bear  a  more  heroic  line  of  treat- 
ment than  dark  ones,  and  react  more  quickly  to  electrical 
stimulus. 

Faradurm,  M.  Boulin  endeavored  to  cause  the  current  to 
penetrate  the  tumor  in  the  following  manner :  He  inserted 
fine  needles  around  the  circumference  of  the  tumor,  and  con- 
nected them  with  the  negative  pole  ;  the  positive  was  CH)nnect- 
ed  with  a  disc  insulated  in  points  (see  Fig.  133),  and  applied 
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to  the  surface  of  the  tumor.  He  reported  a  lai^  number  of 
both  lymphatic  and  glandular  tumors,  wholly  or  partially  dis- 
persed by  this  treatment 

Glasduijir  Tumors. — Faradwm.  M.  Mayer  recommenda 
placiug  moiet  electrodes  on  t)ie  tumor,  and  sending  throogh  it 
as  strong  a  current  as  possible.  There  follows  a  distinct  sepa- 
ration of  the  tumor  into  separate  parts,  and  gradual  reduction 
in  size  follows. 
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GorrRK.  —  El^roli/fi*.  Dr.  Ilenrot"  proposes  the  use  of  the 
capillary  trocar  as  an  electrolytic  needle  iu  thoe«  cases  of  goitre 
containing  <.y»tf^  and  jtermeated  by  larjce  veins.  While  the 
fluid  is  remoTeil  through  the  eanula.  tlie  latter  as  a  needle 
transmitting  tlie  galvanic  current,  brings  about  the  closure  t^ 
the  great  reins. 

ExorHTHAuno  (»»>rnu;  vHaskth-iw's  DiseaskV — Goirantsm. 
Pr-  E.  A,  Bartlen*  believes  that  thore  arv  two  forms  of  this 
disease,  the  first  K'ing  diaracterinii  by  symptoms  of  paralysis, 
the  s<.vi>nd  by  symj>toms  indicating  irritation  of  fibers  of  the 
SYm}Wthetic.  In  thivie  case^  dvjx'mlent  upon  irritxtion  of  the 
synijviihetic,  a  gal\"anic  cnnvnt  i\issa.\l  fnmi  the  jteripherv  to 
the  nene  vvnters  pr*iduc».>s  no  beiK'ticial  effi-ct.  and  in  some 
nist>s  aoi  only  ai5na\-at»>s  existing  symptvims.  but  pntdoces  other 
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unfavorable  ones.  On  the  contrary,  the  application  of  the  posi- 
tive pole  to  the  cervical  ganglia,  or  along  the  course  of  the 
cervical  sympathetic  produces  immediately  beneficial  eflfects, 
the  pulse  being  sometimes  greatly  reduced.  Those  cases  of 
paralytic  origin  are  most  favorably  influenced  by  the  ascend- 
ing current  (positive  to  the  nerve  extremities,  negative  to  the 
nerve  centers). 

Chvostek,  Moritz  Meyer,  Soelberg  Wells,  Rockwell  and  others 
nave  reported  success  in  the  treatment  of  this  disease  by  elec- 
tricity.    Dr.  Chvostek  recommends  the  following  method: 

1.  The  ascending  constant  current  applied  to  the  cervical 
sympathetic,  on  each  side,  for  at  least  one  minute. 

2.  The  same 'to  the  spinal  cord;  the  anode  at  about  the 
fifth  dorsal  spine,  the  cathode  high  up  in  the  cervical  region. 

3.  Through  the  occiput  one  pole  at  each  mastoid  process, 
and  in  certain  cases  also  through  the  temples,  a  constant  cur- 
rent, for,  at  the  longest,  one  minute,  and  so  weak  that  the 
patient  can  feel  but  the  slightest  sensation  of  burning.  Some- 
times also  local  galvanization  of  the  thyroid  gland,  with  a  weak, 
constant  current,  for  about  four  minutes,  the  current  to  be 
reversed  at  the  end  of  each  minute. 

The  application  should  be  made  every  day  if  possible. 
Wells  locates  the  positive  at  the  auriculo-maxillary  fossa,  while 
he  moves  the  negative  gently  over  the  closed  eyelids,  and  after- 
ward over  the  goitre.  He  uses  six  to  ten  cells  for  the  eye, 
eight  to  fourteen  for  the  goitre,  applying  the  current  for  one 
and  a  half  to  two  minutes.  He  also  galvanizes  the  cervical 
ganglia,  placing  the  positive  electrode  on  the  auriculo-maxillary 
fossa,  and  the  negative  on  the  sixth  or  seventh  cervical  verte- 
bra, or  manubrium  sterni.  It  may  take  twenty  to  thirty  sit- 
tings before  any  marked  improvement  is  observed,  but  consid- 
ering the  little  that  can  be  accomplished  by  other  treatment, 
galvanism  is  worthy  an  extended  trial.     Dr.  Rockwell  has  re- 
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ported  the  results  of  treatment  in  nine  cases,  of  which  three 
entirely  recovered,  and  two  were  greatly  improved.  '  He  gal- 
vanizes the  cervical  ganglia  as  above  described  for  a  few 
minutes,  then  gradually  draws  the  positive  along  the  inner 
border  of  the  stemo-cleido-mastoid  muscle  to  its  lower  ex- 
tremity. The  second  step  in  the  process  is  to  place  the  posi- 
tive on  the  seventh  cervical  vertebra,  and  the  negative  over 
the  solar  plexus,  using  for  a  few  moments  a  greatly  increased 
current.  He  employs  general  faradization  as  a  part  of  the 
treatment  in  some  cases. 

Malignant  Tumors. — Electrolysis.  Prof.  Semmola,*  of 
Naples,  has  treated  six  cases — one  of  epithelium  of  the  right 
breast,  the  size  of  an  orange  ;  a  fibro-sarcoma  of  the  right  breast ; 
two  cases  of  sarcoma  of  the  right  breast ;  one  case  of  sarcoma 
of  the  left  breast,  and  one  cysto-sarcomatous  tumor,  growing 
from  the  upper  third  of  the  arm.  In  five  of  the  cases 
amputation  of  the  diseased  part  had  been  recommended  by 
experienced  surgeons,  and  the  sixth  was  a  case  of  recurrence 
eighteen  months  after  the  removal  of  the  primary  sarcomatous 
tumor.  The  tumors  are  said  to  have  had  all  the  clinical 
characters  of  malignant  growths,  and  to  have  been  examined 
microscopically  by  Prof.  Petrone.  The  needles  employed  were 
those  in  common  use  for  electrolytic  purposes,  and  they  were 
passed  deeply  into  the  tumor,  converging  toward  its  center. 
In  his  earlier  experiments  only  the  negative  pole  was  thus 
inserted,  the  positive  pole  being  placed  on  the  chest,  but  in 
the  later  ones  he  found  it  beneficial  to  pass  in  both  poles  of 
the  battery.  In  small  tumors  one  inserted  needle  was  found 
sufficient  As  a  rule,  passing  the  needle  causes  next  to  no  pain 
or  difficulty,  but  at  times  small  sclerotic  foci  interfere  with  their 
transit.  Very  rarely  did  any  painful  infiammation  attack  the 
spots  of  puncture.     The  constant   current  should  be  used  fie- 

*  Lancet,  November  22,  1882. 
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quently,  even  three  times  in  the  twenty-four  hours,  and  allowed 
to  flow  through  the  new  growth  for  an  hour  each  time.  A 
weak  current,  long  continued,  seemed  to  be  better  in  its  effects 
than  a  stronger  current  acting  only  for  a  short  interval,  and 
it  is  stated  that  the  former  has  a  greater  modifying  effect  upon 
the  local  chemistry  of  nutrition.  In  one  case  the  treatment  was 
ended  in  twenty-four  sittings,  but  in  another  it  extended  over 
seven  months.  In  the  case  of  cystic  sai^coma,  after  two  appli- 
cations of  electricity,  inflammation  and  destructive  suppuration 
set  in.  In  none  of  the  cases  were  the  lymphatic  glands  aifected. 
Dr.  Semmola  suggests  that  electrolysis  cures  malignant  tumors 
in  one  of  three  ways  :  by  producing  small  foci  of  inflammation 
with  consecutive  sclerosis,  the  tumor  being  converted  into  a 
small,  indurated  and  harmless  lump  ;  by  producing  a  colloid  and 
fatty  degeneration,  especially  in  tumors  with  this  tendency ; 
and  by  exciting  destructive  inflammation  and  suppuration  of 
the  tumor.  Along  with  this  treatment  he  has  combined  the 
administration  of  large  doses  of  iodide  of  potash,  with  a  view 
of  gravely  modifying  the  general  nutrition. 

Keftel  has  returned  to  this  method  of  treating  malignant 
tumors,  destroying  them  at  a  single  operation.  A  platinum 
anode  is  plunged  perpendicularly  into  the  tumor  down  to  its 
presumed  point  of  implantation,  and  from  three  to  five  cathodes 
placed  on  the  periphery  of  the  tumor.  The  current  is  then 
closed  and  rapidly  carried  to  its  greatest  power  (thirty  to  sixty 
elements).  The  position  of  the  cathodes  is  changed  about 
every  five  minutes,  so  as  to  cover  every  part  of  the  tumor. 
The  operation  lasts  about  an  hour.  The  tumor  becomes  livid, 
grey,  and  finally  black.  There  is  a  very  slight  general  and 
local  reaction.  In  two  or  three  days  the  part  operated  upon 
becomes  cold,  and  after  some  discharge  finally  comes  away 
en  bloCy  leaving  a  denuded  surface  which  is  soon  covered  by 
healthy  granulations.      Neflel  has  also   treated  benign   tumors 
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by  this  method,  though  thej  do  not  require  such  energetic 
treatment  as  those  of  the  malignant  type.  The  conclosions 
which  he  draws  are : 

1.  Electrolysis  is  an  pjitiseptic  method,  and  ae  snch  may 
be  combined  with  the  ordinary  methods  of  operation. 

2.  It  is  preferable  to  any  other  method  in  the  treatment 
of  malignant  tnmors. 

3.  Malignant  tnmors  should  be  entirely  destroyed  by  the 
operation,  and  at  a  single  seance.  In  benign  tumors  it  is  svCSS.- 
cient  to  establish  a  retrograde  metamorphosis. 


Fio.  isi. 

ELECTROLYSIS  OP  TDM0E9.    METHOD  OF  INSERTING  NEEnLBS. 

When  very  small  growths  are  to  be  destroyed,  it  is  not  neces- 
sary to  give  anaesthetics,  except  in  very  sensitive  cases,  and 
then  it  is  better  applied  locally.  To  prevent  scars,  insert  the 
needles  through  the  same  opening  at  each  sitting,  bnt  vary 
their  direction  so  as  to  reach  every  portion  of  the  contents. 
Five  to  ten  minutes  is  the  average  duration  of  the  operation 
for  benign  growths. 

To  render  the  skin  insensible  in  operations,  M.  Gn^rin 
reported,  at  tlie  Academie  des  Sciences,  that  a  circular 
layer  of    Vienna   paste,  limited   by  a  double  band  of    dia- 
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chylon,  applied  around  the  tumor  for  twenty  minutes  and 
then  removed,  leaving  in  its  trace  a  black  ribbon-like  line,  so 
destroys  the  sensitiveness  of  the  skin  that  the  knife  can  be 
used  without  causing  the  slightest  pain.  He  had  employed 
this  plan  when  chloroform  was  forbidden,  on  account  of  bron- 
chial and  cardiac  trouble.  It  is  suggested  that  it  will  serve 
equally  as  well  when  malignant  growths  are  to  be  destroyed, 
to  lessen  the  pain  attendant  upon  introduction  of  the  needles. 

Joint  Diseases. — Galvanism.  Chronic  inflammation  about 
the  joints  may  be  removed  by  the  judicious  use  of  galvanism.* 
Many  electro-therapeutists  believe  it  contra-indicated  in  the 
acute  and  sub-acute  stage,  but  in  chronic  rheumatism,  and 
especially  the  form  which  follows  after  gonorrhea,  the  puer- 
peral state  or  after  injury,  good  results  are  obtained.  The 
positive  electrode,  holding  a  large  sponge  moistened  in  warm 
water,  is  placed  over  the  diseased  joint,  while  the  negative 
electrode,  also  carrying  a  large  sponge,  is  moved  around  it 
The  skin  beneath  the  positive  electrode  will  be  reddened. 
When  the  inflammation  is  located  in  the  tissues  surrounding 
the  joint,  and  the  bone  is  not  affected,  a  complete  cure  may 
be  expected,  or,  at  least,  a  rapid  improvement  and  restored 
movement.  Remak  advises  the  same  treatment  for  inflamed 
joints  from  any  cause. 

Chronic  Periostitis. — Galvanism  exerts  a  favorable  influ 
ence   over  this   disease,    the  negative  being   applied   direct  to 
the  seat  of  the  disease,  f 

Scoliosis  (Distortion  of  the  Spine). — JFaradism.  A  case  of 
this  disease,  occurring  as  a  sequel  to  typhoid  fever,  was  suc- 
cessfully treated  by  M.  Despres:}:  after  the  plan  first  proposed 
by  Duchenne.     This  may  be  briefly  summed  up,  viz: 
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1.     Faradization  daily,  or  at  least  every  other  day. 

3.     Rational  grmnasties. 

3.  Physiological  support  of  the  trunk  by  a  special  corset 
EHectricitv  was  localized  in  the  insufScient  muscles  and  also 
applied  generally  to  all  the  muscles  of  the  back.  The  gym- 
nastic exercises  consisted  in  the  elevation  of  the  body  on  a 
trapeze  by  the  strength  of  the  arms.  Lateral  motion  is  less 
useful,  as  the  patient  will  instinctively  lean  to  one  side.  He 
considers  a  dependence  upon  corsets  to  rectify  curvature  of 
the  spine,  due  to  debility  i>r  paralysis  of  muscles,  as  an  error, 
onlv  useful  at  best  to  hide  the  deformitv. 

X-Evi. — fj^rofysis.  Insert  one  or  more  needles  (according 
to  the  size  of  the  nsevus),  insulated  except  on  their  tips,  attached 
to  one  pole,  and  place  the  other  pole  connected  with  a  moist 
sponge  near  by,  where  there  is  littie  sensitiveness,  and  use  four 
to  six  freshly-charged  cells,  or  a  greater  number  it*  not  freshly 
charged.  The  tumor  will  be  seen  to  wliiten  at  once,  as  if 
frozen.  The  time  of  treatment  varies  from  two  or  three  to 
fifteen  minutes,  accordin^r  to  the  size  and  soliditv  of  the  nsevus. 
Vascular  tumors  of  the  eyelid  frequently  seem  much  larger 
after  treatment,  fh>m  the  bulging  caused  by  the  gas  formed 
during  the  oj^eration,  but  this  quickly  passes  away,  and  it  will 
be  apparent  that  the  size  is  lessened.  Sometimes  needles  con- 
nected with  both  poles  are  inserted. 

*The  differential  indications  for  the  employment  of  elec- 
trv^Iysis  in  the  destruction  of  n«vi  have  been  brieriy  summed 
up  as  tbllows: 

1.  Superdcial,  dark-colored,  sluggish,  vascular  growths  whidi 
do  not  possess  special  or  abundan:  bloo^i  supply,  waste  away 
after  orie  or  rwo  sittiiw??^  and  are  r^mian^nrlv  removed. 

:f.  Th'^se  wiiioh  resemble  the  preovuiiii:  :2.  v;ak?ciilarirv,  vet 
have  '-iiuoh   riore    >urtaoe   covering,  aiivi   :he  b*.»x>i   sui^plv  of 
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which  cannot  be  determined  by  mere  inspection.     A  majority 
of  these  can  be  cured  by  electrolysis. 

3,  Those  which  are  intensely  vascnlar,  which  are  growing 
rapidly  and  have  more  or  less  direct  connection  with  blood- 
vessels near  at  hand,  cannot  be  removed  by  electrolysis. 

4,  If  there  are  local  pulsations  or  increase  of  temperature, 
and  they  fill  rapidly  after  compression  and  have  a  bright  red 
color,  this  treatment  will  disappoint  the  operator. 

5,  Almost  equally  unsuited  for  electrolysis  are  those  which 
are  more  solid,  have  tortuous  bloodvessels,  and  in  which  there 
is  evidently  a  large  amount  of  connective  tissue. 

To  sum  up,  the  vascularity  present  may  be  taken  as  a 
tolerable  guide  as  to  the  chances  of  success. 


Fig.  135. 


ELECTROLYSIS  OF  A  N.EVUS. 


One  needle  connected  with  each  pole  of  the  battery,  insulated  except  at  the  tips,  are 
inierted  within  the  nsevus,  with  their  points  as  fttr  apart  as  possible. 

Aneurism. — Heidenreich  found  that  when  we  expose  fresh 
arterial  or  venous  blood  to  the  action  of  the  galvanic  current, 
the  coagulation  of  same  was  thereby  hastened ;  the  albumen, 
fibrin,  fat,  acids,  chlorine,  etc.,  separate  at  the  positive  pole, 
while  the  watery  and  alcoholic  extracts,  the  alkaline  and  earthy 
bases,  iron  and  coloring  matter  appear  at  the  negative  j>ole. 
If  the  current  is  applied  within  the  bloodvessels  there  is  pro- 
duced a  plug  which   adheres   to    the   walls   of  the  vessel  and 


414  RL£CTR()-TH£RAP£Un08. 

stops  the  circulation.     The  clot  becomes   firm    in  ten  to  thirty 
minutes,  and  is  then  sufficient  to  close  the  vessel. 

Electrolysis. — The  use  of  electricity  to  produce  coagulation 
within  an  aneurism  was  first  employed  by  Prof.  Petrequin,  and 
has  been  tried  by  most  of  the  leading  surgeons  of  the  world. 
Some  unqualifiedly  condemn  the  operation,  but  in  the  case  of 
aneurism  in  the  thoracic  aorta  or  arch  of  the  aorta,  and  other 
locations  where  ligation  of  the  trunk  is  impossible,  and  death 
is  inevitable,  the  majority  of  surgeons  at  the  present  time  are 
in  favor  of  giWng  the  patient  this  chance  of  prolonging  life. 
Althaus  believes  the  most  effiective  application  of  the  current 
is  when  both  poles  are  inserted  in  the  sac.  The  positive  pro- 
duces a  small,  tinn  clot,  and  the  negative  a  large,  soft  one. 
Prof.  Wm.  PepjMjr  (Philadelphia)  proceeds  as  follows  :  After 
freezing  the  skin  with  ice  or  ether-spray,  plunge  one  needle, 
previously  c*onnected  with  a  galvanic  battery,  boldly  in  with  a 
single  stroke  until  all  resistance  ceases ;  the  second  needle  is  to 
be  intnxluced  in  the  same  way.  It  is  important  that  the  needles 
be  well  insulated  where  they  pass  tlirough  the  skin.  The 
moment  the  circuit  is  complete  the  heart  will  give  a  great 
bound,  and  the  pulse  become  greatly  accelerated.  This  should 
not  cause  alarm.  Employ  but  a  few  cells  at  first,  and  gradually 
increase  the  strength  of  the  current.  Althaus  thinks  there  is 
no  cause  to  fear  that  any  portion  of  the  clot  may  become 
detached  and  block  up  a  cerebral  artery,  as  this  has  never 
occurreii  in  any  case  re|)orted.  The  first  application  should 
not  exc*eed  twenty  minutes,  but  at  subsequent  sittings  it  may  he 
pn>longed  to  an  hour  in  case  the  needles  are  sufliciently  insulated. 
A  rheostat  should  invariably  be  included  in  the  circuit  so  as  to 
turn  the  current  on  and  oft'  without  producing  shock.  Hamil- 
ton* makes  these  valuable  suggestions  in  r^rard  to  the  operation : 
Place  the  patient  on  an  animal  diet  to  increase,  if  possible,  the 

•CUniCAl  Therapeutics. 


ELECTRO-THERAPEUnCS.  415 

plastic  elements  of  the  blood.  For  several  days  previous  to 
the  first  operation  he  should  be  given  digitalis  or  aconite. 
During  the  operation  he  should  lie  on  a  perfectly  level  bed, 
tlie  surface  warm  and  the  mind  free  from  excitement.  He 
advises  ether  ansBSthesia,  as  the  pain  is  intense.  The  needles 
are  introduced  as  above  described.  The  tumor  becomes  red 
and  greatly  distended.  After  removing  the  needle  the  finger 
should  be  placed  over  the  puncture  until  it  can  be  covered 
with  adhesive  plaster.  If  hemorrhage  occurs,  stanch  the  flow 
with  a  styptic.  The  positive  needle  is  glued  to  the  clot,  and 
requires  slow,  steady  traction  to  separate  it.  He  advises  to 
compress  the  distal  end  of  the  artery  which  the  aneurism 
involves  during  the  operation,  as  coagulation  is  increased,  and 
danger  of  a  portion  being  carried  into  the  circulation  is  lessened. 
He  collected  statistics  including  one  hundred  and  twenty-six 
cases,  of  which  forty-eight  were  believed  to  be  cured. 

Varicose  Veins. —  Electrolysis  has  been  employed  to  pro- 
duce occlusion  of  the  vein.  The  positive  needle  only  is  inserted, 
because  the  clot  formed  about  it  is  more  firm  than  about  the 
negative,  and  when  small  vessels  are  to  be  closed,  this  will  be 
of  sufficient  size. 

Purpura  Hemorrhagica. — Faradism,  *Mr.  Shand,  of 
Glasgow,  reports  a  case  of  purpura  hemorrhagica  in  which  the 
use  of  electricity  was  productive  of  most  pleasing  results. 
Mineral  and  vegetable  astringents,  ergot,  tonics,  were  tried,  but 
the  patient  continued  to  sink  rapidly.  On  the  fifth  day  of 
treatment  bleeding  was  taking  place  from  vagina  and  bowels ; 
she  looked  bloodless,  collapsed,  and  apparently  dying.  She 
refused  all  medicines.  Electricity  was  thought  of  and  applied ; 
the  faradic  current  was  used,  running  the  sponges  over  the 
whole  surface  of  the  body.  This  was  repeated  every  two 
hours,  and  at  midnight  no  more  motions  had  taken  place,  but 
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griping  had  set  in.  A  piece  of  soap  was  now  injected,  and 
soon  relieved  her  by  producing  two  evacuations ;  the  first  con- 
sisted of  blood,  but  the  second  was  almost  natural.  The  next 
day  she  was  much  improved,  and  the  bleeding  had  almost 
entirely  ceased.  Tonics  and  astringents  were  again  prescribed, 
and  a  speedy  recovery  followed.  The  electricity  is  supposed 
to  act  by  exalting  the  tone  of  the  nervous  system,  by  facili- 
tating coagulation,  by  toning  the  exhausted  capillaries,  and  by 
encouraging  the  capillary  circulation  through  acting  as  a  general 
stimulant. 

THE    DANGERS   OF   ELECTRICriY. 

Electricity  judiciously  applied  with  due  regard  to  its  direct 
effect  upon  the  tissues,  and  its  influence  on  distant  organs 
through  the  reflex  action  of  the  nerves,  can  be  employed  with 
perfect  freedom  from  immediate  or  remote  ill  efiect.  The 
dangers  to  be  specially  guarded  against  are,  with  the  faradic 
and  franklinic  currents,  violent  shocks,  the  tiring  out  of  mus- 
cles, or  exhaustion  of  nerves  in  consequence  of  a  protracted 
sitting  ;  the  franklinic  has  also,  in  at  least  one  instance,  been 
known  to  set  fire  to  the  ether  that  remained  in  the  hair  of  a 
patient  after  its  employment  for  local  refrigeration  ;  with  the 
galvanic,  a  protracted  application  of  a  powerful  current  may  set 
up  destructive  electrolysis  ;  again,  strong  currents,  broken  in 
metallic  circuit,  will  produce  severe  shocks  and  painful  contrac- 
tions and  paralysis  of  the  optic  nerve,  and  even  paralysis  of 
muscles  of  certain  regions  may  result.  Apoplexy  has  occurred 
after  the  first  application  of  galvanic  electricity  by  a  skilled 
physician,  but  while  it  could  not  be  definitely  stated  that  they 
stood  as  cause  to  efiect,  the  current  was  at  least  a  predisposing 
cause.  Occasionally  we  find  patients  with  some  peculiar  idiosyn- 
crasy that  precludes  the  use  of  galvanic  electricity.  In  these  cases 
even  the  current  from  six  cells  will  produce  giddiness,  nausea,  syn- 
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cope  and  general  prostration.  The  greatest  care  should,  therefore, 
be  exercised  when  treating  a  patient  for  the  first  time,  and  the 
treatment  should  be  suspended  should  any  of  the  above  symptoms 
manifest  themselves.  Dr.  Newman*  report?  a  cp  ':e,  that  of  a  young 
man  suiFering  from  nervous  exhaustion,  in  consequence  of  bad 
habits,  who  was  treated  for  a  time  with  a  galvanic  current  from 
eight  to  fourteen  cells.  He  improved  slowly  a  few  weeks,  then 
for  the. sake  of  economy  procured  a  battery,  so  that  he  could 
make  the  applications  himself.  A  few  weeks  later  he  suddenly 
became  a  violent  lunatic.  It  was  found  that,  instead  of  doing 
as  advised,  he  applied  the  battery  several  times  every  day, 
prolonging  each  stance  to  a  considerable  length  of  time. 
Under  proper  treatment,  and  galvanism  given  at  regular  inter- 
vals, he  improved  steadily,  and  recovered  fully  in  a  few 
months. 

It  is  not  uncommon  for  patients  to  injure  themselves  with 
a  faradic  battery,  for  the  popular  idea  seems  to  be  that  "if  a 
little  electricity  is  good,  more  must  be  better."  The  practi- 
tioner who  ])laces  any  apparatus  for  supplying  an  electric  cur- 
rent in  the  hands  of  patients  for  self-treatment  will  do  well  to 
warn  them  of  the  consequences  of  disregarding  advice.  The 
success  of  electro-therapeutics  depends  mainly  upon  the  at- 
tention given  to  details  of  treatment.  Skill  in  its  use  can 
be  acquired  by  any  practitioner  of  ordinary  intelligence. 
Slowly  but  surely  it  is  gaining  recognition  as  an  important 
and  even  indispensable  aid,  both  to  the  physician  and  surgeon, 
and  the  time  has  already  arrived  when  an  acquaintance  with 
the  principles  of  medical  electricity  is  essential  to  tliose  who 
endeavor  to  keep  abreast  with  the  advances  that  are  con- 
stantly being  made  in   every  department  of  medical  science. 

•  The  Planet,  Nov.  1S83. 
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INTRODUCTION. 

Each  year  brings  its  discoveries  and  new  applications  or 
modifications  of  the  old  and  known.  There  has  probably 
been  less  advance  in  late  years  in  electro-therapeutics  than 
the  laity  and  some  of  the  medical  profession  have  expected. 
The  recent  advances  in  commercial  electricity — electric  light, 
power,  furnaces,  telegraph,  telephone,  etc.,  have  led  many  to 
expect  great  results  from  electro-therapeutics.  That  greater 
advances  have  not  been  made  is  no  surprise  to  the  student 
of  medical  electricity,  for  he  knows  that  the  physician  was 
one  of  the  first  in  the  field  of  electrical  science.  For  years 
medical  electricity  was  in  advance  of  all  other  branches  of 
electricity,  and  it  is  only  recently  that  commercial  electricity 
has  closed  the  gap  which  so  many  years  existed  between 
the   two. 

Electricity  as  applied  to  the  arts  and  manufactures  has 
furnished  us  with  units  of  measurement  of  currents  which 
have  been  adopted  in  part  by  tlie  physician,  and  which  are 
embodied  in  the  instrument  known  as  the  milliamperemeter 
—  (milliamnieter  as  ordinarily  written) — the  instrument  for 
the  measurement  of  current  in  medical  electricity.  The  instru- 
ment for  measuring  electro-motive  force  (pressure)  —  the 
voltameter — has  been  strangely  neglected,  but  must  of  necessity 
be  adopted  in  tlie  near  future  —  not  for  the  reason  assigned 
by  a  medical  brother,  namely,  that  it  was  a  new  instrument, 
by  means  of    which   the    instrument    makers    expect   to  find 
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their  way  into  the  pocket  of  the  medical  man  again,  but 
rather  because  it  measures  a  dimension  of  electricity  that 
fails  to  be  noted  by  the  milliammeter.  To  make  use  of  a 
simile :  a  musket  ball  and  a  cannon  ball  may  have  the  same 
momentum,  which  we  will  say  corresponds  to  ampereage 
(current),  but  when  we  analyze  the  two  factors  on  which 
the  momentum  depends,  we  will  find  that  both  the  mass 
and  velocity  differ  as  widely  from  each  other  as  do  the 
ultimate  mechanical  effects  produced.  Without  dwelling  further 
upon  the  necessity  of  a  voltameter,  the  remarks  relating  to 
which  are  made  rather  as  ]:)rophetic  than  as  of  a  fact  already 
accomplished,  let  us  search  for  the  other  points  whereby  the 
physician  has  been  benefited  by  the  new  electricity,  and  we 
find  that  the  storage  battery,  the  incandescent  lamp  and  the 
use  of  small  motors  for  driving  the  surgeon's  drill  or  saw, 
and  the  dentist's  engine,  and  to  a  very  limited  extent,  with 
restrictions  that  almost  preclude  its  use,  the  small-sized 
dynamos  for  therapeutics  and  surgery  are  the  only  things 
that  claim  our  attention.  There  is  not  a  single  one  of  these 
but  which  could  have  had  something  substituted  for  it,  and 
which  in  many  cases  has  been  done  without  diminishing 
the  efficacy  of  the  medical  or  surgical  procedure.  Even  the 
milliammeter  had  its  counterpart  in  the  old  galvanometer, 
which  required  but  the  adoption  of  any  generally  sanctioned 
unit  to   make  it  as   satisfactory   as   the   milliammeter. 

Following  the  general  plan  of  the  work  of  which  this 
is  the  appendix,  we  will  take  up  the  subjects  in  the  follow- 
ing  manner : 
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L— FRANKLINISM. 
II.— GALVANISM. 


Batteries ^ 


Stationary. 
Storage. 
Dynamo. 
Portable. 


Milliammeters. 
Rlieostats. 

III.  — ELECTRO-SURGER  Y. 

ELECTROLYSIS. 

Uretbral  Stricture. 

Apostoli's  metliod,  and  necessary  apparatus. 

Arrest  of   growtli   of    cancer  by  the  interrupted  galvanic 
current  (electro-atrophy). 

GALVANO-CAUTERY. 

In  Enlarged  Tonsils. 

In  Diphtheria. 

In  Hay  Fever. 

Electrodes  and  Improvements. 

IV. -ELECTRO-DIAGNOSIS. 

Reaction  of  Degeneration. 
Quantitative  and  Qualitative  Changes. 

V. -ELECTRO-THERAPEUTICS. 

Treatment  of  Parasitic  Skin  Diseases. 
Production  of  Local  Anaesthesia. 


I.— FRANKLINISM. 

Franklinism  had  not  been  used  to  any  extent  in  years  in  the 
treatment  of  disease  until  it  was  demonstrated  almost  simul- 
taneously by  Drs.  Morton  and  Bartholow  that  a  current  might 
be  obtained  from  a  (Topler)  static  machine,  which  was  almost,  if 
not  quite,  identical  with  that  of  the  faradic  current.  It  was 
found  that  if  the  wire  connecting  the  outer  coating  of  the 
condensers  was  broken  and  cords  attached  to  the  two 
extremities  and  the  discharging  rods  brought  near  together,  a 
series  of  shocks  were  experienced  which  resembled  very  closely 
in  sensation  and  physiological  effects  that  generated  by  a 
faradic  instrument. 

When  the  distance  between  the  discharging  rods  is  but  a 
minute  fraction  of  an  inch  and  the  revolving  wheel  is  made 
to  revolve  rapidly  with  an  even  velocity,  the  current  produced 
is  very  smooth  and  tolerable,  and  can  be  used  almost  iden- 
tically in  the  same  manner  that  a  current  from  an  ordinary 
faradic  machine  is  used.  This  current  can  be  governed  readily 
by  increasing  or  diminishing  the  distance  between  the  dis- 
charging rods. 

This  method  is  not  ordinarily  used  because  of  the  diflSculty 
of  constructing  a  static  electrical  machine  that  will  work  at  all 
times  giving  a  current  of  uniform  strength,  and  also  because 
most  physicians  have  a  faradic  instrument  which  gives  good 
and  constant'  results.  Again,  in  the  static  machine  the  polarity 
of  the  instrument  is  liable  to  change  several  times  during  the 
course  of  the  treatment,  so  that  it  is  difficult  to  determine 
which  is  the  positive  and  which  is  the  negative,  and  whether 
or  not  the  polarity  may  not  be  reversed  at  any  moment. 

A  writer  in   one  of   our  popular    magazines  has  made   the 

statement  within  the   past  few  months  that  static   electricity  is 
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of  but  little  value  in  the  treating  of  disease,  and  that  its 
action  is  limited  almost  entirely  to  the  surface  of  the  body. 
Tliis  is  not  the  place  or  time  to  enter  into  a  lengthy  contro- 
versy, but  if  it  is  true  that  static  electricity  acts  only  as  a 
cutaneous  irritant,  and  not  on  any  of  the  deeper  structures, 
I  would  like  an  explanation  for  the  reason  of  the  instan- 
taneous muscular  contractions  which  are  produced  whenever  a 
spark  from  a  static  machine  is  allowed  to  pass  either  directly 
into  the  muscle  or  the  nerve  distributed  to  that  muscle.  Cer- 
tainly that  contraction  which  is  produced  takes  place  long 
before  a  reflex  contraction  could  be  produced. 

The  success  which  many,  physicians  have  attained  by  the 
use  of  Franklinic  electricity  is  such  that  they  would  not 
willingly  abandon  this  means  of  thera])eutics.  In  spite  of  the 
scepticism  of  some  who  wish  to  be  considered  authority  on  the 
subject,  it  will  continue  to  be  used  by  intelligent  pln'sicians 
who  employ  electricity  in  its  various  forms  in  the  treatment 
of  disease. 

THE   BEST  MACHINE    FOB   MEDICAL   PJKP0SE8. 

The  question  frequently  arises  as  to  which  is  the  best  machine 
for  medical  purposes,  the  smaller  machine,  the  larger  one  with  a 
single  plate,  the  one  with  double  revolving  plates,  or  possibly 
the  one  with  four  revolving  plates.  The  question  can  best  be 
answered  by  stating  what  can- be  accomplished  with  these  various 
instruments.  In  the  smallest  machine  the  sparks  are  less 
frequent  and  ordinarily  less  in  volume  than  in  the  machine  with 
the  large  plate.  The  size  of  the  spark,  however,  does  not  wholl}' 
depend  upon  the  size  of  the  revolving  plate,  but  also  upon  the 
size  of  the  Leyden  jars  u^^ed  as  condensers,  and  upon  t!io 
diameter  of  the  metallic  balls  in  which  the  discharging  rods 
terminate.     The  sparks  obtained  from  a  static  machine  in  which 


424  APPENDIX. 

the  Leyden  jars  are  disconnected  are  thin  and  bluish  in  color. 
If  the  discharging  rods  are  close  together  these  thin  blue  sparks 
pass  almost  continuously.  If  separated  for  an  inch  or  two  the 
discharges  are  somewhat  less  frequent  but  scarcely  more  in 
volume.  When  the  discharging  rods  are  still  farther  separated, 
this  thin  spark  frequently  becomes  divided  into  a  multitude 
of  sparks.  All  things  being  equal  the  number  of  sparks  per 
second  depend  upon  diameter  of  the  plates,  the  number  of 
revolving  plates  and  the  velocity  with  which  they  revolve. 
When  this  statement  is  made  we  have  stated  the  main  distinction 
between  the  various  machines. 

The  volume  of  the  spark  depends  directly  upon  the  size  of  the 
Leyden  jars  and  the  diameter  of  the  metallic  spheres  in  which  the 
discharging  rods  terminate.  The  condensers  (Leyden  jars)  best 
suited  for  medical  use  are  those  of  medium  size.  The  spark 
which  is  derived  from  the  machine  with  large  condensers  is  of 
such  volume  as  to  give  a  decidedly  unpleasant  if  not  dangerous 
shock.  When  the  condensers  are  large  the  discharges  are  much 
less  frequent  than  when  the  smaller  size  is  used.  The  most 
suitable  size  for  the  metallic  balls  in  which  the  discharging  rods 
terminate  is  about  one  inch  in  diameter.  When  a  larger  size 
than  this  is  employed  the  effects  are  essentially  the  same  as  when 
the  larger  Leyden  jars  are  used  as  condensers.  The  chief 
advantage  of  the  large  plate  machine  with  two  or  more  revolving 
plates  consists  in  the  increased  number  of  sparks  per  minute 
obtained  from  it,  and  the  consequent  evenness  of  the  current. 

A  word  in  regard  to  the  care  of  the  machine  may  not  be 
out  of  place  here.  The  surface  of  the  plates  should  be  kept 
as  free  from  dust  as  possible.  The  metallic  parts  should  be 
frequently  burnished  so  that  there  will  be  no  rough  spots  or 
points  of  oxidation  whereby  the  electricity  may  be  dissem- 
inated. The  metallic  balls  in  which  the  discharging  rods 
terminate    should    be     frequently     and     carefully     burnished ; 
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because  here  of  all  other  parts  of  the  machine  a  roughness  of 
the  surface  will  prevent  the  operator  getting  the  greatest 
benefit  from  his  instrument. 

TREATMENT. 

In  addition  to  the  methods  already  given  (page  76  et  8eq.\ 
describing  the  administration  of  Franklinic  electricity,  there  are 
one  OR  two  other  methods  that  are  worthy  of  consideration.  In 
place  of  connecting  the  unused  jar  with  the  ground,  it  may 
be  connected  with  a  piece  of  metal  placed  upon  the  insulated 
platform.  The  current  from  the  other  jar  may  then  be 
applied  to  the  patient  either  directly  by  means  of  the  roller 
or  spherical  electrode.  Should  the  sparks  not  be  suflSciently 
strong  the  patient  may  increase  the  strength  of  the  current 
somewhat  by  placing  the  feet  near  to  the  electrode  that  is 
lying  on  the  platform.  In  case  the  current  is  too  strong  the 
feet  should  be  removed  to  some  distance  from  the  electrode,  or 
the  electrode  even  removed  from  the  platform.  If  the  current 
is  still  too  strong,  the  discharging  rods  may  be  brought  near 
enough  together  so  that  a  series  of  sparks  may  pass  between 
them.  Should  these  means  not  suflBce,  the  switch  may  be 
opened,  when  we  will  get  the  current  directly  from  the 
machine  without  the  condensing  influence  of    the  Leyden  jars. 

If  the  conducting  cords  are  connected  with  the  binding 
posts  of  both  ends  of  the  switch  connecting  the  Leyden  jar, 
and  the  switch  thrown  open,  the  current  may  be  used  just  as 
we  would  use  a  current  from  an  ordinary  faradic  machine, 
with  very  similar  results.  The  strength  of  the  current  is 
controlled  by  the  discharging  rods ;  the  nearer  they  are 
together  the  less  the  shock. 
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ELECTRIC    WIND    OR   AURA. 

A  modification  of  the  electrical  aura  may  be  administered 
as  follows  :  The  patient  is  placed  upon  the  insulated  platform, 
one  Leyden  jar  being  connected  with  the  platform  by  means 
of  the  conducting  cords  ;  the  other  jar  is  connected  with  an 
electrode  shaped  like  an  inverted  crown,  so  that  the  points  are 
directed  toward  the  patient.  This  electrode  is  suspended  over 
the  patient  and  the  current  allowed  to  pass. 

The  administration  of  Franklinic  electricity  is  susceptible 
of  a  great  number  of  variations,  so  that  the  physician  can 
readily  adapt  his  treatment  to  suit  the  case,  and  I  would 
strongly  recommend  that  each  physician  should  formulate  his 
own  method  in  the  administration  of  this  form  of  electricity. 
After  a  time  each  operator  perfects  a  method  peculiar  to 
himself,  and  in  some  the  skill  is  so  marked  that  I  have 
known  patients  to  wait  several  hours  to  have  a  certain 
operator  administer  the  electricity  rather  than  to  allow  some- 
body else  to  administer  the  treatment. 
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O^fTICE    BAITERIKS. 

During  the  past  eight  or  ten  years  the  Specific  Gravity 
Battery  (Callaud)  has  gradually  passed  out  of  use  as  an  office 
battery.  The  reasons  for  its  loss  of  favor  are  the  constant 
attention  that  was  required  to  keep  it  yielding  its  best  results, 
the  necessity  of  frequent  feeding,  cleaning  and  renewing,  and 
last,  but  not  least,  the  almost  absolute  impossibility  to  prevent 
the  creeping  of  the  zinc  sulphate  to  the  top  of  the  battery 
cell  and  its  subsequent  distribution  to  the  surface  of  the  shelves 
which  held  the  battery.  Probably  no  battery  ever  devised  is 
better  suited  for  constant  use  than  this  battery  is,  and  it  is 
still  used  in  telegraph  offices  where  there  is  a  demand  for  a 
constant  current. 

In  medicine  a  battery  is  rarely  required  to  be  used  for  more 
than  from  fifteen  to  thirty  minutes  at  any  one  time,  and  then 
only  through  a  body  ofiering  great  resistimce  to  the  passage  of 
the  current.  The  Leclanche  cell,  or  some  of  its  modifications, 
have  almost  entirely  taken  the  place  of  the  gravity  battery. 
That  form  of  the  Leclanche  cell  which  seems  to  meet  with 
most  favor  is  known  as  the  diamond  carbon  cell.  This  cell  is 
a  zinc  and  carbon  cell  in  which  the  surface  of  the  carbon  is 
many  times  in  excess  of  that  of  the  zinc.  The  exciting  fiuid 
is  a  saturated  solution  of  ammonium  chloride.  In  short  cir- 
cuit this  cell  soon  exhausts  itself ;  but  when  a  resistance  as 
great  as  that  of  a  human  body  is  placed  in  the  circuit  the 
diminution  of  the  current  is  so  slight  that  it  need  hardly  bo 
taken  into  consideration.  When  exhausted  by  reason  of  being 
short  circuited,  or  by  prolonged  use,  the  diamond  carbon 
battery  soon   regains   its  strength   when   allowed   to   rest.      It 
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possibly  a  few  of  the  major  operations  in  electrolysis  where 
a  needle  of  large  surface  is  employed.  With  the  Mcintosh 
Battery  and  Optical  Company's  switchboard  a  defective  cell 
can  bo  detected  at  once,  and  by  means  of  it  a  current  can 
be  used  from  any  portion  of  the  battery.  It  is,  in  fact,  the 
ideal  medical  battery  for  office  use. 

DRY     BATTERIES. 

\V(j  cannot  leave  the  subject  without  mention  of  the  dry 
cell,  a  number  of  which  have  been  put  upon  the  market 
of  late. 
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The  dry  cell  has  not  to  the  present  time  proven  itself 
to  be  eminently  satisfactory.  None  of  the  so  called  dry  cells 
have  yet  been  constructed  without  some  fluid  being  present. 
The  battery  fluid  is  rendered  viscid  by  the  addition  of  starch 
or  some  like  substance,  or  is  absorbed  by  means  of  some 
inert  substance,  such  as  sawdust  or  mineral  wool.  Some  of 
the  objections  which  may  be  oflfered  to  these  batteries  are 
that  the  means  of  absorbing  or  rendering  the  fluid  viscid, 
thus  making  the  battery  dry,  also  prevents  diflnsion  and  in 
consequence  diminishes  the  activity  of  the  battery.  This  inert 
substance  may  form  a  means  by  which  metallic  particles, 
reduced  by  the  battery,  may  pass  from  one  plate  to  the 
other,  thus  causing  the  battery  to  be  short  circuited.  This 
last  statement  may  not  be  applicable  to  all  dry  colls,  but 
the  writer  knows  from  personal  experience  it  is  true  of  some 
of  the  dry  cells.  Nearly  all  of  these  cells  are  hermetically 
sealed,  and  eventually  when  in  use  suflScient  gas  will  be 
produced  in  the  battery  to  cause  leakage  and  subsequent 
corrosion  about  the  connections,  or,  if  the  cell  be  of  glass, 
the  cell  itself  may  be  broken  by  the  internal  pressure  of 
the  gases.  The  ideal  dry  cell  for  medical  use  has  yet  to 
be  produced. 

STORAGE    CELLS. 

The  storage  battery  has  been  decidedly  improved  within 
the  past  few  years,  and  a  variety  of  them  are  being  satis- 
factorily used  by  physicians.  Single  cells  of  the  storage 
battery  are  very  convenient  for  cautery  purposes,  and  with 
the  new  Mcintosh  rheostat  give  good  results.  For  medical 
purposes  a  number  of  the  smaller  size  cells  should  be  coupled 
together  for  tension  and  used  with  the  rheostat  and,  possibly, 
a  switchboard.  This  fact  must  not  be  lost  sight  of,  that 
there  is  always  less  current  obtained   from  a  storage  battery 
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than  is  originally  used  in  charging  the  battery  —  the  very 
best  cells  yielding  but  little  over  60  per  cent  of  the  current 
used  in  charging  them.  There  is  always  a  possibility  of  a 
leakage  of  the  stored  electricity,  so  that  it  is  advisable  in 
using  a  storage  battery  to  always  test  the  current  before 
using  it  for  an  operation  of  any  moment,  and  have  a  freshly 
charged  cell  in  readiness  to  be  substituted  for  the  one  that 
is  being  used  in  case  a  satisfactory  result  cannot  be  obtained 
from    the   first  cell. 

The  storage  cell  is  manufactured  in  three  sizes,  the  two  larger 
sizes  being  sufficient  for  all  cautery  work,  and  the  smaller  size  for 
the  lighter  cautery  work  about  the  upper  air  passages. 

These  batteries  may  be  charged  in  one  of  two  ways,  viz., 
either  by  being  attached  to  a  commercial  wire  (one  from  an 
Edison  or  like  plant),  or  by  being  connected  with  a  specific  gravity 
or  other  battery  furnishing  a  constant  current — the  directions 
for  which  will  be  found  under  the  head  of  directions  for  filling, 
charging  and  operating. 

Twelve  to  twenty  6  by  8  cells  of  a  gravity  battery  connected 
for  tension  and  connected  with  a  storage  cell  will  store  in  the 
storage  battery  in  tw^enty-four  hours  sufficient  electricity  for 
cautery  for  from  one-half  to  two  hours'  use.  Here  we  have  a 
feeble  current  plus  time,  producing  a  strong  current  for  a  short 
period  of  time.  This  method  of  charging  storage  cells  from 
a  battery  is  much  more  expensive  than  when  a  commercial 
current  is  used.  When  a  gravity  battery  is  used  for  charging 
stonige  cells,  sufficient  sulphate  of  copper  must  be  added  to  keep 
a  layer  of  blue  in  the  bottom  of  the  cells  all  of  the  time. 

The  storaiije  cell  is  the  most  feasible  method  of  utilizing 
commercial  electricity  for  medical  use. 


.NIC    BATrtlUES. 


Thi«  ™u  has  been  »  IhorouKhly  deserlbert  h 
eiWoded  acscrlpUon  is  not  Deeded.    The  Iivo  bin 
h  tlie  ballery. 


DIKECTIONS    FOB     FILLING,    CiiARGINO    AND   OPEEATISG   THE 
MC  IXT08H   8T0HAGE    BATTEHIEH. 

The  cells  as  shipped  are  ready  for  cliarging  afler  llUing  with  fluid, 
&nd  are  properly  connected  wUli  each  olher  und  with  the  rheoHtat. 

Take  out  the  screwB  that  bold  the  basuboard  and  rheoftat  and  turn 
the  baseboard  back  the  aame  ae  a  lid  to  n  hox.  la  the  rubljer  cover  of 
each  cell  ia  a  rubber  cork,  or  phiK.  Unscrew  ihe  plops  from  each  cell 
and  pour  into  thcui,  by  the  aid  of  a  glase  funnel,  the  battery  fluid, 
which  Is  made  as  follows : 

7b  make  the  battery  jiuid.  The  dilute  sulphuric  acid  with  which  the 
colls  are  filled  before  the  first  charge,  must  have  a  specific  gravity  of 
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1.160.  It  must  be  put  into  the  cells  cold,  but  not  until  everything  is 
ready  for  charging.  The  acid  must  cover  the  plates  at  least  a  quarter  of 
an  ^nch,  and  as  soon  as  possible  after  the  cells  are  filled  the  charging 
current  should  be  turned  on.  Commercial  sulphuric  acid  is  of  much 
higher  specific  gravity  than  that  required  for  the  cells,  and  must  never 
be  used  without  the  proper  dilution.  One  part  of  comTnercial  oil  of 
vUriol  with  four  parU  by  volume  of  water  will  produce  nearly  the  proper 
iilution.  Remember  always  to  pour  the  oil  of  vitriol  into  the  water; 
never  pour  the  water  into  the  oil  of  vitriol,  (as  in  the  latter  case  the 
iolent  chemical  action  may  cause  the  acid  to  be  thrown  over  the 
iperator.)  When  the  mixture  of  acid  and  water  is  cooled  test  the  spe- 
A&c  gravity  with  the  hydrometer.  If  it  marks  more  than  1.160  add 
*ater ;  if  less  than  1.160,  add  more  acid. 

Quantity  of  fluid  for  small  storage  battery.  Put  nine  fluid  ounces  of 
dilute  sulphuric  acid  (as  per  formula)  into  each  cell. 

Quantity  of  fluid  for  medium  storage  battery.  Put  forty-two  fluid  ounces 
of  dilute  sulphuric  acid  into  each  cell. 

Quantity  of  fluid  for  large  office  battery.  Put  eighty  ounces  of  dilute 
sulphuric  acid  into  each  cell. 

As  soon  as  possible  after  the  cells  are  filled  tlie  charging  current 
should  be  turned  on. 

To  charge  storage  batteries  from  an  incandescent  light  circuit  of  110 
poUs.  Connect  positive  pole  from  electric  light  circuit  with  the  positive 
poet  (P)  of  the  storage  battery,  and  the  negative  post  of  the  storage 
battery  with  the  negative  pole  of  the  light  current  Use  a  current  of  not 
more  than  one  or  two  amphes  to  charge  the  small  storage  battery.  With  one 
ampere  it  will  take  fifteen  hours,  with  two  amperes,  eight  hours  time. 

To  charge  medium  size  battery.  Connect  poles  same  as  with  small  bat- 
tery, and  use  a  current  of  two  to  five  amperes.  Two  amperes  will  charge 
the  battery  in  twenty-five  hours;  five  amperes  in  eight  hours. 

To  charge  large  size  office  battery.  Connect  same  as  directed  above, 
and  use  a  current  of  five  to  ten  amperes.  Five  amperes  current  will 
charge  the  battery  in  twenty  hours;  ten  amperes  current  in  ten  hours. 

When  hydrogen  begins  to  generate  too  freely,  reduce  the  current; 
when  time  is  up,  disconnect  the  poles  of  the  dynamo  and  the  l)attery  is 
now  charged  ready  for  use.  To  use  it  for  cautery  work,  connect  the 
cautery  handle  with  the  cords,  and  lastly  (the  rheostat  is  always  in 
circuit)  with   the  binding  posts  of  the  battery.    Move  the  rheostat  back 
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to  R  until  all  the  resistance  is  placed  in  the  circuit,  then  press  the  hut- 
ton  upon  the  cautery  handle  and  gradually  move  the  rheostat  switch 
forward,  thus  reducing  the  resistance  until  the  cautery  electrode  is  heated 
to  nearly  a  white  heat.  If  care  is  used,  the  smallest  to  the  largest  elec- 
trode can  he  used  without  hurning  them  out.  To  use  with  the  small 
electric  lamp  or  laryngoscope  of  one-half  candle  power,  connect  same 
as  for  cautery,  suhstituting  the  laryngoscope  handle  in  place  of  the 
cautery  handle,  throwing  in  all  the  rei^istance  and  gradually  lessening 
it,  until  the  proper  degree  of  illumination  is  obtained. 

Batteries  after  fully  charging  should  give  from  six  to  ten  hours 
work  with  medium  cautery  knives  or  electrodes  of  medium  size.  The 
fimall  size  will  run  a  half  candle  lamp  six  hours.  The  electro-motive 
force  remains  even  until  it  is  nearly  discharged.  When  the  current  shows 
any  signs  of  weakness  in  heating  a  medium  cautery  electrode  the  battery 
should  be  recharged,  as  it  injures  it  more  to  run  it  down  completely 
than  it  does  to  keep  it  in  constant  use. 

To  charge  with  gravity  cells.  If  the  party  using  the  battery  has  no 
dynamo  within  reach  to  charge  it,  twelve  to  twenty  6  by  8  gravity  cells 
can  be  used,  connecting  them  for  intensity  to  the  terminals  opposed, 
that  is,  the  positive  with  the  positive  of  the  storage,  and  the  negative 
with  the  negative  of  same.  In  this  way  the  first  charge  will  require 
from  sixty  to  eighty  hours  for  largest  battery ;  twenty  to  forty  hours  to 
charge  medium  battery,  and  six  to  twelve  hours  to  charge  small  battery. 

When  fully  charged,  or  after  this,  the  test  may  be  made  with  the 
cautery  or  with  small  battery  test  lamp,  to  see  if  there  is  sufficient 
electro-motive  force  to  heat  the  cautery  electrodes.  It  is  well,  when  using 
the  gravity  cells  to  charge  these  batteries  (especially  where  the  battery 
is  used  every  day),  to  connect  these  cells  every  night  or  every  other 
ni^t,  and  let  them  run  until  the  next  morning;  in  this  way  the  electro- 
motive force  of  the  storage  battery  can  be  kept  very  even  and  up  to  its 
full  working  capacity.  Where  it  is  possible  to  have  the  battery  charged 
from  a  dynamo,  it  will  be  found  preferable  and  less  expensive. 

A  low  resistance  motor  can  be  run  with  these  medium  or  large 
size  cells,  and  the  cautery  rheostat  can  be  used  to  regulate  the  current 
to  the  motor. 
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DYNAMOS   AND   COMMERCIAL   ELECTRICITY. 

The  frequent  attempts  to  utilize  commercial  electricity  in 
medicine,  and  the  frequent  queries  in  regard  to  such  use,  have 
prompted  the  following  observations : 

Those  machines  which  produce  an  alternating  current  are 
wholly  unsuited,  by  virtue  of  the  rapid  alternations  of  polarity,  for 
medical  use ;  the  same  may  be  said  of  the  current  which  produces 
the  arc  light.  In  the  arc  light  current  the  amp^reage  and  voltage 
are  so  great  as  to  preclude  its  use  in  medicine.  The  current 
from  the  Edison  system  is  not  satisfactory  unless  generated  by 
machines  built  especially  for  the  purpose,  and  arranged  so  that 
the  motive  power  can  be  carefully  managed  by  the  operator. 

Tlie  current  furnished  from  an  electric  light  wire  from  the 
Edison  system  has  so  much  increment  and  decrement  as  to 
prevent  its  use  in  therapeutic*8  or  surgery.  Tlie  more  delicate 
instruments  used  for  cjiuierizing  the  upper  air  passages  will 
frequently  be  fused  and  therefore  rendered  useless  by  the  current 
which,  but  a  few  moments  before,  gave  exactly  the  right  degree 
of  heat.  The  variation  in  current  furnished  bv  one  of  these 
electric  light  wires  may  be  likened  to  the  difference  of  pressure 
in  the  water  mains  of  a  great  city.  At  times  the  force  is 
sufficient  to  prt>iect  a  stream  from  tlie  ganlen  hose  some  thirty 
feet,  and  within  a  few  moments  the  pressure  may  be  sufficient 
oiilv  to  ctuise  the  stream  to  barelv  reacli  the  ten-f«>ot  mark. 

As  has  been  alreadv  reniarkeil,  the  stonure  batterv  furnishes 
the  <»  'luiioii  for  the  use  of  the  ci^minercial  current,  inasmuch  as  it 
takes  this  current  of  varving  amj>ere;ige  and  voltage,  and  by 
storing:  it  so  ciianj^^s  it  that  a  current  with  but  little  variation  is 
furnished  as  desirevl. 

Tiie  car.sos  tV»r  the  increment  and  decrement  of  current  mav 
be  iwufoUi,  \iz.^  tirst,  tiie  liirliting  or  quenching  of  lam^^  and 
the  turninvr  the  current  on  v>r  v»tf  motors  in  the  same  circuit  with 
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your  source  of  electricity ;  and  second,  the  variation  in  the 
number  of  revolutions  of  the  dynamo  due  to  tlie  irregularity  of 
the  steam  supply.  In  one  of  the  large  hotels  in  Chicago  some 
years  since  there  was  a  private  Edison  plant,  and  the  steam  to 
run  it  was  obtained  from  the  same  boiler  that  furnished  steam  to 
the  elevator.  Whenever  the  elevator  ran  the  lamps  became 
perceptibly  dim,  and  as  soon  as  the  elevator  was  at  rest  the 
lamps  became  quite  brilliant  again. 

When  the  commercial  current  has  been  reduced  to  from 
ten  to  twenty  milliampferes  the  milliammeter  frequently  shows 
a  variation  of  from  one  to  four  milliampferes,  and  with  a 
current  of  from  seventy-five  to  one  hundred  milliampftres 
the  variation  may  be  from  five  to  fifteen  milliampferes.  At 
times  the  needle  of  the  milliammeter  will  remain  almost 
stationary  for  several  minutes,  hut  the  current  is  not  to  be 
depended  on. 

The  Mcintosh  Company  have  had  a  dynamo  constructed 
which  was  devised  by  one  of  our  most  experienced  elec" 
tricians  (Professor  Sperry),  which  furnishes  two  currents,  one 
with  large  ampfereage  and  comparatively  small  voltage  for 
cautery  work,  and  the  other  with  small  ampferage  and  high 
voltage  for  electrolysis  and  therapeutics.  This  machine  can 
be  made  to  furnish  a  current  lor  medical  use,  for  electrolysis 
and  for  cautery,  as  may  be  desired.  It  will  also  furnish 
suflScient  current  for  one  or  two  sixteen-candle  ])ower  lamps. 
(One  lamp  can  be  used  when  the  dynamo  is  in  use  and 
two  when  no  other  use  is  being  made  of  the  current).  In 
the  use  of  this  machine  it  is  understood  that  a  dejinite  power 
caving  a  cei'tain  definite  nurnber  of  revolutions  of  t/ie  machine 
per  minute^  completely  under  the  control  of  the  operator^  can 
he  secured. 


Tbii  ImtniiDeiK  will,  »i  ibe  uiiae  lime  II  la  accumpllihlug  lis  mailiiiuni  canlery  work, 
^Derate  a  loUllf  dtSdrenl  ruTrent  Ibm  will  rumlih  ea«ixy  sufflcleal  to  iiin  u  leam  one  of 
EdlwD'BBtilwD-CBDdlclliFiindocTeDlligliu.oraouiTU'orkUuickiibeaccomplUhed  bjr  & 
fcanery  0(150  Li 
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THE     PORTABLE     BATTERY. 

There  has  been  no  form  of  battery  devised  which  sup- 
plants the  Mcintosh  Combined  Galvanic  and  Faradic  Battery, 
either  by  virtue  of  its  electro-motive  force  or  ampfereage.  The 
carbon  and  zinc  battery  with  bichromate  of  potassium  and 
sulphuric  acid,  of  which  the  Mcintosh  battery  is  a  representa- 
tive, will  continue  to  be  used  whenever  galvanic  electricity 
is  required  to  be  dispensed  at  the  homes  of  patients. 

An  impure  form  of  chromic  acid  and  also  bichromate  of 
sodium  can  be  made  to  take  the  place  of  the  bichromate  of 
potassium  with  advantage,  as  neither  of  them  produce  the 
slightly  soluble  chrome  alum  that  becomes  at  times  so 
troublesome  when  the  potassium  salt  is  used.  The  little 
extra  cost  of  the  acid  or  sodium  salt  is  more  than  offset 
by  the  advantages  obtained. 

CHLORIDE     OF     SILVER     BATTERY. 

The  battery  which  comes  nearest  supplanting  the  acid 
battery  is  the  chloride  of  silver  battery  manufactured  by  the 
Mcintosh  Ck)mpany.  It  lacks  in  electro-motive  force  and 
ampfereage,  so  that  thirty  cells  of  the  chloride  of  silver  battery 
will  produce  a  current  about  as  strong  as  that  generated  by 
twenty  cells  of  the  Mcintosh  battery.  This  deficiency  in  electro- 
motive force  and  ampdreage  is  the  only  objection.  It  can  be 
overcome  by  using  a  battery  which  consists  of  about  one- 
third  more  cells  than  tlie  acid  batteries. 

The  advantages  of  this  battery  may  be  briefly  summarized 
as  follows  :  It  is  essentially  a  battery  with  a  constant  cur- 
rent ;  no  other  battery  compares  with  it  as  to  the  evenness 
and  constancy  of  the  current  obtained  from  it ;  the  strength  ol 
the  current  gradually  increases  after  it  is  first  set  up,  then 
remains   exceedingly  constant  until   it  is  exhausted ;   after  all 
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the  silver  chloride  has  been  converted  into  inelallie  silver  a 
corrent  can  be  obtained  suiBcient  to  give  one  or  two  treat- 
ments,   and    after    several    hours    rest    the    battery    becomes 


■  iV  >\\  VKR  BATTERY. 
Leni^h,  U  iDcbes;  width,  ^Inclios:  bclghl,  l(i}i  Inclie*. 
A  comUnei)  galruilpiuid  ntndic  bkttery  of  tbeumeaiie  Is  also  muiuliuiared  bf  (be 
UolDtoab  Battery  and  0|>liciil  <.%. 

The  aboira  illoitnllOD  repmenit  Iho  Chloride  of  Silver  Baiierr  for  gcnerBtliig  the  gtl- 
Tftnic  carrenL  The  i-Ule  oT  tbeb«Itery  contains  n  double  Birltch.  a  cDrruol  revenei  and* 
lOHiianinieler-    A  box  of  bard  rubber  li  attached  toiheltd  tor  holdlug  itKingei,  elecliodes, 


recharged  again  sufiicient  to  yield  a  feeble  current ;  thns  the 
cnrrent  is  not  wholly  extinguished  with  the  conversion  of  the 
silver  chloride ;  the  operator  will  tlina  receive  sotficient  warn* 
ing  that  he  may  have  his  battery  recharged  witbont  delay ;  in 
the  chloride  of  silver  battery  the  elements  do  not  have  to  be 
removed  from  the  fluid  ;  there  is  no  ai-id  nsed  in  the  fluid,  and 
should  the  cells  break  no  ilamage  will  be  done  lo  any  commoD 
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fabrics ;  when  the  current  is  not  in  use  there  is  no  loss  of 
power  in  the  battery.  A  chloride  of  silver  battery  which  has 
been  standing  for  four  years  without  being  recharged  can  now 
furnish  a  satisfactory  and  effective  current. 

The  chloride  of  silver  battery,  manufactured  by  the  Mcintosh 
Battery  and  Optical  Company,  while  having  the  above  points  in 
common  with  all  chloride  of  silver  batteries,  has  these  points  in 
addition  :  The  battery  can  be  replenished  without  sending  it  to 
the  manufacturer.  A  single  cell  may  be  removed  from  any  part 
of  it  and  another  one  substituted  in  its  place.  There  is  a  vent 
tube  passing  through  the  cork  of  the  cell,  and  it  is  so  arranged 
that  while  it  allows  the  escape  of  gas  the  battery  fluid  is 
not  permitted  to  escape.  By  this  means  the  expansion  and 
contraction  of  the  air  due  to  variation  in  temperature  and 
generation  of  gas  in  the  cell  is  overcome.  Theoretically  no 
gas  should  be  generated  in  this  battery.  Practically  some  gas 
is  produced,  the  quantity  of  gas  increasing  in  quantity  as 
silver  chloride  becomes  converted  into  pure  silver.  Another 
of  the  distinctive  points  is  that  a  glass  tube  surrounding  the 
silver  wire  and  passing  through  the  cork  reaches  beneath  the 
surface  of  the  battery  fluid.  This  prevents,  first,  the  sulphur 
which  is  present  in  the  cork  from  coming  in  direct  contact  with 
the  silver,  and  forming  silver  sulphide,  which  diminishes  the 
conductivity  of  the  wire  whenever  it  forms  at  the  point  of 
contact  where  a  connection  is  made  ;  second,  this  tube  also 
prevents  the  short  circuiting  of  the  battery  by  means  of  any 
moisture  which  may  have  adhered  to  the  under  surface  of  the 
cork.  This  thin  layer  of  fluid  which  is  on  the  under  surface 
of  the  cork,  or  other  material  used  for  closing  the  cell  in 
many  portable  batteries,  causes  the  deterioration  of  the  battery 
much  more  than  is  usually  eupposed,  and  is  so  frequently 
overlooked  as  to  have  almost  entirely  escaped  the  attention  of 
manufacturers.     So  thoroughly  is  leakage  of  electricity  prevented 
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by  these  means  that  the  Mcintosh  Company  have  a  chloride  of 
silver  battery  which  has  been  charged  for  over  four  years,  and 
from  which  a  satisfactory  current  can  now  be  obtained.  This 
battery  has  been  used  both  in  treatment  of  patients  and  for 
experimental  purposes.  The  various  portions  of  the  cell  can 
be  replaced  whenever  requi"ed.  The  cost  of  maintaining  a 
chloride  of  silver  battery  is  but  little  or  no  more  than  that  of 
keeping  an  acid  battery  in  repair  for  the  same  length  of  time, 
and  the  danger  of  corrosion  of  the  connections  and  metallic 
parts  of  the  battery  is  not  nearly  as  great  as  with  the  acid 
battery,  and  the  danger  to  clothing,  carpets,  etc.,  is  almost 
nothing. 

After  a  chloride  of  silver  battery  is  exhausted,  chemically 
pure  silver  remains  in  the  cell  and  will  always  bring  the  price 
of  pure  silver.  The  original  cost  must  necessarily  cover  the 
weight  of  silver  used  in  the  construction  of  the  battery,  and 
hence  the  battery  is  slightly  more  expensive  in  the  beginning 
than  some  other  forms  of  battery. 

This  07ie  caution,  shovld  be  emphasized^  and  that  iSj  that 
the  batten/  should  never  be  short  circuited.  A  chloride  of 
silver  battery  when  short  circuited  will  become  exhausted  within 
a  few  hours^  but  with  ordinary  care  this  accident  need  not  hap- 
pen. In  ordinary  use  by  the  physician,  the  battery  being  used 
for  tlie  production  of  the  galvanic  current  only,  the  life  of  a 
chloride  of  silver  battery  should  be  from  six  to  eighteen 
months. 

From  the  thirty-six  cell  battery  exhibited  by  Dr.  Mcintosh 
at  the  meeting  of  the  American  Medical  Association,  in  New- 
port, in  1889,  sufficient  current  has  been  obtained  for  the 
treatment  of  uterine  fibroids.  This  battery  has  been  used  by 
Dr.  Franklin  H.  Martin  in  the  treatment  of  numerous  cases, 
besides  being  tested  in  various  ways  repeatedly  to  the  utmost  of 
its  capacity.     Six  months   after   it  was  first  set  up,  when  still 


giving  good    results,   it   was   accidentally    short   circuited    and 
esbausted. 


NED  GALVASIC  AND  FAitADlC  CULORIDE  OF  SILVER  BATTERY. 
Length.  11  laches:  width,  7^  iacbe« ;  helgb^  lOH  lucbes. 

ilna  a  coll  with  ihree  cells  lo  nin  it,  and,  aim  Ihe  aame  ncceBorles 
ue  fonnd  on  ihK  galvanlB  chloriiJe  of  Bllvar  b»tt«i7. 

This  battery  is  not  an  experiment,  and  since  its  pertection 
^  in  1882  or  1S83,  has  stood  the  severest  tests  to  which  any 
'  battery  conid  well  be  subjected.  Anyone  purchasing  this 
rform  of  silver  battery  may  rest  assured  that  he  has  the  very 
,  be6t  one  in  the  market.  Every  objection  found  in  the  old 
I  chloride  of  silver  cell  which  prevented  this  from  being  nsed 
s  a  portable  battery  lias  been  met  and  remedied, 

LECLAN'CUE   IJAJTERIES. 

Li  passing,  one  word  should  be  s^id   in  reference  to  the 
I  Xeclanch^  cells  of  various  forms,  with  various  exciting  fluids. 
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that  Lave  in  recent  years  been  placed  on  the  market  as  porta- 
ble batteries.     They  have  without  exception  proven  unsatisfac- 

• 

tory,  chiefly  because  of  the  inability  of  the  manufacturers  to 
place  any  considerable  amount  of  carbon  in  the  cell  or  to 
supply  sufficient  of  the  exciting  salt  to  the  battery  solution  to 
give  any  great  length  of  life  to  the  cell.  These  batteries  soon 
polarize  and  require  frequent  periods  of  rest  in  order  that 
they  may  recuperate,  and  after  a  comparatively  short  time 
they  become  exhausted.  They  are  wholly  unsuited  for  any- 
thing except  the  mildest  work  in  the  electro-therapeutics. 

MILLIAMMETERS. 

Since  this  book  was  first  issued  several  important  additions 
have  been  made  to  the  instruments  of  precision  used  in  electro- 
therai)eutics.  No  one  of  these  instruments  claims  more  atten- 
tion than  does  the  milliammeter.  A  great  variety  of  these 
instruments  have  been  put  upon  the  market.  The  query  is, 
which  is  the  best  ? 

Dr.  Plymraon  S.  Hayes,  in  an  article  on  ''Milliammeters 
Critically  Considered,"  in  the  Medical  Standard  for  March, 
1880,  has  given  so  exhaustive  a  review  of  this  matter  that  we 
have  secured  his  permission  to  reproduce  his  article. 

''During  the  past  year  the  question  has  been  frequently 
asked  me  which  milliammeter  I  considered  the  most  accurate, 
and  the  best  one  for  general  use,  and  whether  there  was  an 
accurate  one  in  the  market.  Measurements  made  by  instru- 
ments furnished  by  the  various  makers  did  not  always  give 
the  same  result  when  a  definite  number  of  cells  of  the  same 
battery  were  used  with  no  resistance  save  that  of  the  wire 
which  was  found  in  the  milliammeter.  This  fact  coming  to  the 
knowledge  of  i)hysicians  who  are  using  electricity,  and  who  at 
the  same  time  desire  to  be  accurate  in  their  dosage,  has  shaken 
their  faith   somewhat    as   to    the    reliability    of  this   important 
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instrument.     Tliese  facts  are   the   ineeative   for   the   following 
obeervatioDs  and  statements : 

"The  name  of  tiie  instrument  (milliammeter)  signifies  that  it 
is  a  measure  —  an  instrument  for  the  measnre  of  milliamp&res, 


UILLIAMJIETER. 
Diameter  of  B«ie,  SK  lacbea. 
This  mllUammeter  Is  monnted  on  a  circular  vooden  bue  and  all  Ibe  paru  are 
nickel  piBUKl.  It  la  a,  sutetuntial  and  elegant  inBtiumem,  uoedil  oh  well  as  oma- 
mental.  It  can  be  uaed  wtth  any  galvanic  cuTrem.  Ibe  patient  tielng  In  Ihc  ctn'ult. 
To  use  It,  tbe  Instrument  Bbonld  be  placed  on  a  level  tah'e  aud  the  needle  UbeTaied 
hj  puihlng  tbe  metal  button  D  to  one  side,  tbe  Instrumenl  Is  Ibcn  bo  adjiuted  tbal 
Ibe  needle  la  eiactly  over  the  zuro  of  the  scale.  Tbe  screwa  In  the  base  arc  now  turtied 
up  or  down  until  Ibe  needle  does  not  Impinge  upon  Ibe  dial  plate.  Tbo  binding 
post  C  ebciutd  be  connected  witb  one  pole  of  tbo  battery.  The  eonducUng  cord  lo 
electrode  may  then  lie  Inserted  In  Ibe  hlndlnn  post  A  or  B  according  as  we  desire 
to  use  a  strong  or  weak  current.  This  milliammeter,  an  one  idde.  Is  gradnaled  to  a 
tbouiand  mlUtampires.  anil  Is  lo  be  used  wltb  strong  currents,  the  cord  from  Ibe 
eleetrodo  belnt;  connected  n'ltb  tbe  binding  post  A  when  tbis  scale  is  used.  The 
otbei  side  of  tbe  scale  Is  graduated  to  twenty  inilllam|>£ies  and  should  be  used 
whenever  a  weak  current  Is  desired.  When  this  scale  la  used  (be  conducting  cords 
ibould  bo  connected  with  ihe  binding  post  B,  The  scale  for  strong  cnrrenii  will  be 
oaed  almost  enllrvly  In  cases  of  uterine  nbroida  and  In  the  treatment  of  cancer  by 
meani  of  the  method  known  aa  the  declro-atrophy. 

the  thousandth  of  an  amjMjre,  the  milliamp&re,  being  the  unit 
of  current  of  medical  electricit^v.  The  physical  unit  of  current 
(the  ampfere)  is  by  some  authorities  (Alfred   Daiiiell)  given  as 
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the  unit  of  intensity;  but  the  units  of  intensity  and  quantity 
are  both  the  same,  and  are  measured  in  the  same  manner, 
and  both  consist  of  the  same  number  of  absolute  gram  centi- 
meter second  (G.  C.  S.)  units,  either  electro-static  or  electro- 
magnetic. The  term  current  is  probably  the  best,  as  it  includes 
the  idea  of  quantity  and  electro-motive  force. 

''  Current  is  measured  by  the  ampfermeter  in  amperes. 
Electro-motive  force  is  measured  by  the  voltameter  in  volts. 
To  take  an  illustration  from  physics  —  quantity  would  resemble 
mass,  electro-motive  force  would  be  velocity,  and  intensity  or 
current  would  represent  momentum,  or  mass  to  which  velocity 
had  been  added. 

^^Construction  of  instruments.  There  are  three  principal 
forms  of  instruments  on  the  market :  First,  that  fonn  in  which 
the  current  deflects  a  needle  which  is  held  in  position  by  the 
attraction  of  terrestrial  magnetism  ;  second,  that  form  in  which 
the  current  deflects  an  armature,  which  is  held  in  position  by 
the  force  of  gravity  ;  and  third,  that  form  in  which  the  arma- 
ture is  held  by  a  delicate  spring. 

"The  current  is  made  to  deflect  the  needle  by  means  of  a 
coil  or  helix  of  wire  passing  around  either  the  needle,  a  soft 
iron  armature  or  electro-magnet.  The  greater  the  resistance 
to  be  overcome,  whether  of  the  attraction  of  the  earth's  mag- 
netic poles,  of  gravity,  or  of  the  resistance  of  a  spring,  the 
longer  and  thinner  must  be  the  wire  in  the  instrument. 
Again,  conversely,  if  the  force  to  be  overcome  be  slight,  a 
thick  wire  with  but  few  turns  serves  the  purpose. 

''The  statement  is  occasionally  made  that  any  galvanometer 
graduated  in  degrees  may  be  re-graduated  so  as  to  give 
readings  in  milliampdres.  This  is  true  provided  the  ratio 
between  the  length  and  thickness  of  the  wire  and  of  the 
force  to  be  overcome  is  such  that  the  graduations  can  be 
made  so  that  they  are  not  too  close  together  or  too  far  apart 
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"From  the  foregoing  it  is  readily  seen  that  in  some 
instruments  there  would  of  necessity  be  a  considerable  length 
of  thin  wire ;  in  others  the  converse  would  be  true ;  and 
such  we  actually  find  to  be  tlie  case  with  the  various  instru- 
ments. In  some  of  the  milliammeters  the  length  and  thinness 
of  the  wire  is  so  great  that  the  resistance  is  nearly,  if  not 
.quite,  four  hundred  ohms  greater  than  that  of  others  which 
have  a  comparatively  short  and  thick  wire.  This  being  the 
fact,  what  effect  will  this  resistance  have  on  the  measure- 
ment of  the  current?  In  attempting  to  measure  a  current 
from  but  a  few  cells,  vnth  no  resistance  save  that  of  the 
milliammeter,  one  instrument  will  give  results  entirely  different 
from  another.  The  one  with  long,  thin  wire,  and  consequently 
great  resistance,  will  indicate  that  the  current  is  less  than  it 
actually  is.  If,  however,  allowance  be  made  for  the  difference 
in  resistance,  the  results  will  be  found  to  closely  coincide. 
This  statement  is  susceptible  of  mathematical  proof,  as  will 
be  readily  seen  by  the  following  illustrative  example  and 
record  of  experiments  given  by  Mr.  Elmer  A.  Sperry,  one 
of  our  best  known  and  most  reliable  electrical  engineers,  to 
whom  the  question  of  accuracy  of  the  various  milliammeters 
was  submitted,  and  with  whose  permission  I  have  quoted 
the  following  from  his  report: 

"'If  we  now  had  twenty-five  diamond  carbon  cells  in  a 
circuit  whose  exterior  resistance  was  35  units,  and  whose 
internal  resistance,  that  is,  resistance  interior  to  the  battery, 
was  15  units,  there  would  be  a  total  resistance  in  the  circuit 
of  50  units  or  ohms.  The  total  electro-motive  force  or 
driving  power  in  this  circuit  is  very  near  one  unit  per  cell 
or  25  units  in  all.  Now  the  quotient  of  this  total  driving 
force  divided  by  the  resistance  or  friction  encountered,  which 
in  this  case  consists  of    twice  the  number  of   units,   or  50, 


446  APPENDIX. 

gives  a  current  in  the  circuit  of  exactly  one-half  unit  or  ampere, 
which  is  equal  to  exactly  500  milliamp^res.' 

*'Now  suppose  we  should  place  a  milliammeter  in  the 
circuit  and  measure  the  current,  we  find  it  does  not  show 
500  milliamp^res  at  all.  The  ordinary  conclusion  drawn  is 
that  the  milliammeter  is  wrong  and  the  maker  is  at  fault. 
The  fact  is  that  it  is  not  wrong,  but  is  right  There  should 
not  be  500  milliampdres  under  these  conditions,  because  in 
placing  the  milliammeter  in  the  circuit  we  have  added  to  the 
total  resistance  of  the  circuit  whatever  number  of  units  or 
ohms  the  coils  of  that  particular  milliammeter  contains. 
Suppose  it  were  50,  now  the  total  resistance  of  the  circuit 
is  35  plus  15  plus  50  equals  100,  instead  of  50,  which, 
divided  into  the  electro-motive  force,  which  is  still  25,  gives 
250  milliamp^res,  or  a  quarter  of  an  ampere,  instead  of 
500  milliamp^res  as  before. 

''  Now,  note  the  above  reading  ;  take  out  this  milliammeter 
and  put  one  of  another  make  in  its  place  ;  the  reading  is  again 
entirely  diflerent.  Shall  we,  therefore,  condemn  these  instru- 
ments and  their  makers?  Not  at  all  ;  but  upon  investigation  we 
find  that  the  resistance  of  the  coils  of  this  last  milliammeter  is 
entirely  different  from  the  resistance  of  the  first,  making  the 
total  resistance  in  the  circuit  different.  This  resistance,  divided 
into  tlie  same  electro-motive  force  or  battery  force,  should  give 
a  different  reading  in  milliamp^res,  as  we  actually  find  it  does, 
and,  therefore,  is  a  proof  of  the  correctness  of  the  reading. 
These  facts  would  lead  a  casual  observer  to  condemn  both 
instruments. 

''  Instruments  were  found  in  these  tests  to  vary  so  widely 
that  the  further  question  was  raised  as  to  which  is  the  best. 
Tlie  resistance  of  the  coils  was  found  to  vary  as  much  as  400  per 
cent.  It  will  readily  be  seen  that  resistance  in  the  milliammeter 
or  elsewhere  in  circuit  merely  uses  up  or  destroys  the  total  force 
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which  the  operator  has  available  in  his  battery,  leaving  less  for 
the  actual  purposes  of  *  electrolysis,  cauterization,  or  electrical 
dosage.  It  will  also  be  observed  from  this  that  the  instrument 
with  the  least  resistance  is  by  far  the  best,  and  it  is  gratifying  to 
know  that  American  made  instruments  in  this  test  were  found 
far  superior  in  this  respect  to  the  imported,  and  not  only  in  this 
featnre,  but  in  point  of  reliability  and  general  simplicity,  the 
milliammeter  manufactured  by  the  Mcintosh  Battery  and 
Optical  Company  was  found  to  far  excel  in  point  of  accuracy 
of  callibration.  In  case  of  a  number  of  instruments  they  were 
all  found  to  be  based  with  fair  accuracy  upon  the  legal  ohm, 
which  is  the  international  absolute  standard.' 

*'The  milliammeter,  as  an  indicator  of  exact  galvanic  dosage, 
is  not  designed  to  be  used  in  short  circuit  with  no  resistance,  but 
in  a  circuit  in  which  a  portion  of  the  body  or  some  equally  great 
resistance  is  placed  —  a  resistance  from  a  few  hundred  to  five 
thousand  ohms.  Under  these  conditions  the  resistance  of  the 
milliammeter  is  so  small  that  in  reality  it  need  not  be  taken  into 
consideration.  Under  these  circumstances  it  will  be  found  that 
all  the  railliammcters  are  approximately  correct. 

"  Every  milliammeter  is  liable  to  become  inaccurate  after  a 
time.  This  may  be  due  to  various  causes,  among  which  may 
be  mentioned  the  loss  of  magnetism  by  the  needle,  the  armature 
of  the  instrument  which  depends  on  gravity  becoming  slightly 
permanently  magnetized,  the  electro-magnet  in  another  variety 
being  feebly  permanently  magnetized,  the  spring  becoming 
weaker  or  the  wire  in  coil  surrounding  the  needle,  armature, 
or  magnet  undergoing  molecular  changes  which  alter  its  con- 
ductivity ;  and  last,  but  not  least,  oxidization  of  the  surface  of 
the  binding  post  or  other  connection  interposes  in  consequence 
a  greater  resistance  than  before  such  oxidization  took  place. 
Because  of  these  changes  which  produce  inaccuracy  in  the 
milliammeter,  the  instrument  should  occasionally  be  examined, 
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and,  if  found  to  be  inaccurate,  should  be  again  standardized, 
which  is  easily  accomplished  by  the  manufacturers. 

"As  the  milliammeter  is  of  necessity  placed  in  the  circuit 
used  by  the  physician  in  the  application  of  galvanic  electricity, 
it  is  advisable  to  secure  an  instrument  which  interposes  little 
or  no  resistance  to  the  flow  of  the  current ;  for  the  greater  the 
resistance  the  more  battery  power  will  be  required  to  arrive  at 
the  desired  dosage.  That  instrument  which  measures  most 
nearly  accurate,  under  all  circumstances,  is  the  one  to  choose  ; 
for  at  times  the  physician  may  desire  to  use  the  milliam- 
meter in  a  circuit  in  which  there  is  but  little  resistance  inter- 
posed, and  will  not  have  the  time  to  make  the  mathematical 
calculations  required,  even  should  he  be  expert  enough  and 
have  the  suitable  instruments  to  give  the  data  for  his  calcula- 
tions. 

"The  following  points  can  in  every  case  be  observed  in 
purchasing  a  milliammeter  :  See  that  the  wire  is  comparatively 
thick,  not  thinner  than  No.  24 ;  that  it  is  not  long  enougli  to 
interpose  any  very  marked  resistance ;  that  the  needle  is  light, 
thin,  and  easily  acted  on  by  the  current ;  that  the  indicator  is 
made  of  light  material,  and  that  there  are  means  of  making 
the  instrument  perfectly  level.  The  index  should  respond 
quickly  to  the  influence  of  the  current,  and  quickly  become 
steady  at  the  point  indicating  the  strength  of  the  current. 

"From  the  foregoing  it  will  be  seen  that  1  decidedly  favor 
that  form  of  instrument  in  which  the  needle  is  acted  upon  by 
the  earth's  magnetic  poles,  for  no  other  instrument  possesses 
the  delicacy  of  poise  and  quickness  of  motion  ;  and  while  it 
may  be  a  little  more  difficult  to  take  observations  from  than 
those  instruments  with  a  vertical  index,  it,  nevertheless,  is 
much  superior  to  the  other  from  the  facts  already  stated. 

"Absolute  accuracy  is  not  essential  for  the  milliammeter 
used  in  medicine,  even  if  it  could  be  obtained  in  an  instrument 
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that  could  be   used  with   as   much  facility  as  those  that  are 
now  on  the  market. 

"It  can  readily  be  seen  that  a  variation  of  one  or  two 
milliampdres  is  of  no  special  consequence,  and  a  variation  of 
five  need  not  materially  affect  the  results.  When  we  take 
into  consideration  the  delicacy  of  construction  and  sensitiveness 
of  the  most  delicate  apparatus  of  this  character,  we  find  a 
parallel  in  the  difference  in  the  same  points  between  the 
ordinary  dispensing  scales  of  the  druggist  and  the  most  sensi- 
tive analytical  balances.  Who  would  think  of  dispensing 
quinine  on  a  balance  that  would  turn  at  the  five-hundredth  of 
a  grain,  and  of  what  use  would  it  be?  Would  the  patient 
receive  any  additional  benefit  because  of  this  absolute  accuracy? 
In  the  first  place,  the  time  and  skill  necessary  to  use  such 
an  absolute  milliammeter  would  of  itself  preclude  its  use. 
Again  our  offices  are  wholly  unsuited  for  the  accurate  reading 
of  such  delicate  apparatus.  Many  of  the  office  buildings  are 
perceptibly  jarred  by  the  passage  of  heavily  loaded  vehicles 
in  the  street,  the  working  of  machinery,  etc.  One  of  our 
electrical  experts  informs  me  that  he  is  unable  to  use  an 
imported  apparatus  in  the  graduation  of  milliammeters  in  the 
city,  except  at  night,  when  tlie  jars  from  the  working  of 
machinery  and  other  causes  have  ceased. 

''  The  vast  improvements  that  have  taken  place  in  the 
past  few  years  in  the  construction  of  electrical  apparatus 
has  given  to  the  profession  no  more  important  instrument 
than  the  milliammeter.  The  being  able  to  record  exactly  the 
strength  of  the  current  used  in  the  treatment  of  any  one  case  is 
of  great  value,  and  any  one  possessing  the  requisite  apparatus 
can  in  like  cases  administer  to  the  patient  exactly  the  same  dose 
of  electricity  as  did  the  pliysieian  who  rei)orted  the  first  case, 
and  should  a  faihire  be  recorded  in  the  second  case  the  failure 
cannot  then  be  said  to  be  due  to  want  ot  suitabie  current."' 
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RHEOSTATS. 

There  are  two  chief  forms  of  this  valaable  instniment,  one 
in  which  successive  lengths  of  wire,  preferable  of  German 
silver,  are  introdnced  in  the  circnit,  thereby  dimtnlehiog  the 
strength  of  the  current ;  the  other  is  the  water  or  hydro- 
rheostat,  in  which  tlie  resistance  of  acidulated  water  is  used 
Id  place  of  wire. 

The  metallic  rheostat  is  used  chiefly  with  storage  cells 
and  the  current  from  an  electric  light  wire.  By  means  of 
this  instrument  a  current  from  a 
wire  with  110  volt  force  may  be 
reduced  so  that  by  means  of  a 
hydro- rheostat  it  cau  be  applied 
for  medical  purposes,  or  without 
the  hydro-rheostat  it  reduces  the 
current  sufiieiently  for  use  in 
electro-surgery. 

METALLIC    RHEOSTAT. 

The  metallic  rheostat  manu- 
factured by  the  iMcIntosh  Com- 
pany is  one  of  the  most  durable 
and  complete  instruments  yet 
manufactured.  It  consists  esseu- 
tially  of  a  coil  of  German  silver 
MEDIUM  STORAGE  CELL  WITH       of  Suitable  dimensions  imbedded 

METALLIC  RHEOSTAI.  ;_,     |j„^,^j.    „f     ^^^^^     ^^j    ,^    ,^ 

This  cut  Is  Shown  to  RtTe  in  upproii-  ■.  i    .1     . 

inaK!  Met  of  the  $ize  an.!  thape  i>f  Ihe  Hingcd    DV  means  Of   a  SWIIch  that 

metallic  rheogiai.    Tlie  swiloh  tn  lis  olr.  .,  _.         „     l        •_  j 

cull  imiiingv?  on  a  «rti  of  Gerroan  silver  tl'«  Current  caH   bc   mcTeascd  or 
wire  imbcuie.1  In  some  Don-. onducti-B  diminished  as  readily  as   by  the 

■ubtuni'e.    This  rhiHKlai  is  ailacbcd  to  j  j 

the ><orai.-e ceiK  lot  niibout  the  rhcostai  ordinary  switcliboard  of  a  cabinet 

the  currCDl  ciiuld  m>i   lie  co111roll1.1l  so  ' 

thai  11  coiiU)  iw  iidaptcd  lo  iiu'  various  batierv.     Willie    the    metallic 

electro-les  ibul  arc   lueil  in   couneciion       ,  >  1        r 

„ni,  n^  rliLti^tat   can   be   made   for  veiy 


Fro.  112, 


GALVANIC    BATTERIES. 


451 


feeble  cnrreiits,  their  cost  of  prodaction  and  the  dauger  of 
their  interrupting  the  current  in  metallic  eirenit  temporarily. 
as  the  switch  is  carried  from  one  portion  to  the  other  of  the 
in&trament,  make  its  use  undesirable. 


HVDRO-PLATINUM    RHKOSTAT- 

The  water  rheostat  has  almost,  if  not 
entirely,  replaced  the  metallic  rheogtat 
in  the  case  of  feeble  currents.  The 
water,  or  hydro  platinum  rheostat,  as  it 
18  technically  called,  consiats  of  a  jar 
containing  acidulated  water,  in  which 
are  placed  two  plates  of  platinum, 
between  which  a  third  plate,  triangular 
in  shape,  is  made  to  glide  up  and 
down,  thereby  increasing  or  diminishing 
the  current  without  shock  to  the  patient. 
This  instrument  is  the  latest  form  of 
hydro-rheostat  and  perforins  its  work  so 
thoroughly  that  as  an  office  instrument 
it  meets  all  the  requirements.  While 
the  statement  is  made  timt  metallic 
aluminum  is  not  acttid  upon  any  more 
than  is  gold  or  platinum  wiien  it  con- 
stitntes  one  of  the  electrodes  for 
electrolysis  in  an  acidulated  solution, 
it  ia  not  absolutely  true,  and  after  use 
the  plates  show  deterioration,  and 
eventually  have  to  be  replaced.  The 
Mclntoeb  Company  liaa  seen  fit  to 
replace  the  aluminum  plates  with 
platinum,  which,  although  it  costs  more 
than     the     ulutuinum,     is     essentially 
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permanent.  The  hydro-platinum  rheostat  of  the  Mcintosh 
Company  will  reduce  the  current  from  the  service  wire  of  an 
Edison  plant,  so  that  any  degree  of  current  from  one  to  two 
hundred  milliampferes  may  be  obtained. 

It  is  not  advisable  to  use  the  current  from  the  commercial 
wires  for  medical  or  surgical  purposes  for  reasons  that  have 
been  given   elsewhere. 

The  water  which  is  used  in  the  rheostat  should  be  distilled, 
or  if  this  is  not  obtainable,  filtered  rain  water.  The  inorganic 
salts  that  are  present  in  spring,  lake  or  well  water  are  decom- 
posed, and  the  products  of  decomposition  frequently  deposited 
by  the  electrolytic  action  of  the  current  upon  the  plates  pre- 
venting the  mechanical  work  of  the  instrument,  as  well  as  inter- 
fering with  the  conductivity  of  the  solution.  The  acid  used 
should  be  sulphuric  and  should  equal  one-twelfth  part  by  volume 
or  one-eighth  by  weight  of  the  water  used.  The  one  great 
objection  to  the  water  rheostat  is  the  weakening  of  the  current, 
caused  by  the  resistance  of  the  water,  the  polarization  of  plates 
and  the  adlierence  to  the  surface  of  the  plate  of  the  liberated 
gases.  If  the  precautions  already  hinted  at  are  taken,  and  if  the 
surface  of  the  platinum  be  covered  with  platinum  black  and  the 
plates  brought  near  together,  this  objection  is  reduced  to  the 
minimum.  Carbon  plates  have  been  used  occasionally  but  their 
great  resistance  to  the  passage  of  the  current  is  such  as  to  almost 
preclude  their  use.  Whenever  a  hydro-rheostat  is  used  the  bat- 
tery should  be  of  such  strength  that  it  will  always  furnish  a 
current  in  excess  of  that  required,  for  when  the  rheostat  inter- 
])()H('s  the  least  j)0ssible  resistance  it  still  diminishes  the  current 
a})j)reciably. 


ELECTRO-SURGERY. 

ELECTROLYSIS. 

Because  of  the  difference  of  opinion  relative  to  the  cases  in 
which  electrolysis  is  advisable,  and  because  of  the  failures,  yes 
even  worse  than  failures,  arising  from  the  incomplete  employ- 
ment of  electrolysis,  it  has  been  thought  advisable  to  add  a  few 
words  of  caution.  Electrolysis  will  produce  effects  that  cannot 
be  produced  by  any  other  known  means.  There  are  some 
things  which  it  accomplishes  equally  well  with  other  means,  and 
there  are  cases  in  which  it  has  been  applied  with  but  indifferent 
or  negative  results.  By  means  of  electrolysis  we  are  enabled 
today  to  do  successfully  that  which  would  have  been  impossible,  • 
for  want  of  knowledge,  fifteen  years  ago.  That  which  it  does 
most  successfully  is  the  removal  of  superfluous  hair,  the 
destruction  of  minute  cutaneous  capillaries,  the  dilatation  of 
urethral  stricture  and  the  treatment  of  the  uterine  fibroids. 

For  the  destruction  and  removal  of  cancer  or  tumors  of 
any  considerable  size,  in  fact  anything  larger  than  a  small 
hickory  nut,  it  is  unsuitable.  Not  only  does  it  cause  the  patient 
an  amount  of  pain  far  exceeding  that  produced  by  the  knife,  but 
the  length  of  time  consumed  in  the  operation  causes  the  pain 
to  be  indefinitel}^  prolonged.  He  who  trusts  to  electricity  to 
remove  a  scirrhus  breast  goes  back  to  the  time  when  surgery 
was  not  aseptic;  and  while,  eventually,  he  may  remove  the 
breast  by  means  of  a  strong  current,  broad  needles  and  per- 
severance, he  has  left  behind  him  an  unsightly  scar  with  no 
probability  that  he  has  removed  all  of  the  malignant  growth. 
The  same  strictures  may  be  used  in  the  rapid  growing  forms 
of  nevi,  only  that  here  he  may  liave  the  electrolysis  associated 
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witli  an  active  hemorrhage,  and  possibly  have  to  resort  to  a 
radical  surreal  operation  before  his  case  reaches  a  successfal 
termination.  Unless  the  operation  is  one  that  can  be  terminated 
in  two  or  three  sittings,  and  unless  it  is  inaccessible  by  other 
and  better  means,  my  advice  is,  don't. 

STBICTUKE   OF  THE   URETHRA. 

In  addition  to  what  has  already  been  said  in  regard  to 
stricture  of  the  urethra  on  pages  348  and  349  of  this  work,  the 
following  points  have  been  found  worthy  of  mentioning.  It  is 
not  advisable  to  use  this  method  of  treatment  in  the  stricture  of 
the  pendulous  portion  of  the  urethra.  The  current  should  never 
be  stronger  than  ten  or  twelve  milliampferes  and  in  many  cases 
a  less  current  will  be  found  advisable,  and  this  should  not  be 
continued  for  over  fifteen  or  twenty  minutes  at  the  most,  at 
•any  one  sitting.  If  a  current  stronger  tlian  this  is  used  for  a 
long  time  it  may  produce  such  destruction  of  tissue  as  to  ulti- 
mately result  in  the  formation  of  a  stricture  more  dense  than 
the  original  one. 

Dr,  Plymmon  S.  Hayes,  of  Chicago,  in  the  Medical 
Standard  of  January,  1S89,  has  advanced  a  theory  which 
explains  the  action  of  the  current  in  this  form  of  trouble  that  is 
well  worthy  of  mention.  He  has  stated  his  case  so  clearly  that 
we  have  taken  the  liberty  of  abstracting  a  large  portion  of 
his  article  : 

"In  electrolysis  of  tissues  in  the  living  animal  there  are 
three  factors  to  be  considered,  and  on  these  three  alone  are  we 
to  depend  for  our  results.  These  factors  are  the  chemical,  the 
physical  or  mechanical,  and  the  physiological  or  therapeutic. 
The  physiological  or  therapeutic  factor  is  the  one  which  causes 
a  change  to  take  i)lace  in  the  tissues  by  reason  of  the  nutrition 
of  the  parts  being  altered  by  the  passage  of  the  galvanic  current 
through   them.     How    much    this    factor    has    to  do  with   the 
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ultimate  cure  of  the  stricture  I  am  unable  to  say,  and  will 
leave  its  estimation  to  othei*s. 

"The  chemical  factor  has  received  probably  all  of  the 
attention  it  deserves  and  will  only  be  mentioned  in  its  relation 
to  the  physical.  The  chemical  is  related  to  the  physical  as 
cause  is  to  effect. 

"For  the  better  understanding  of  the  neglected  factor  (the 
physical)  let  us  quickly  review  the  changes  which  take  place 
around  the  poles  where  a  portion  of  the  current  is  converted 
into  chemical  action.  Without  entering  into  the  minute 
changes  and  secondary  decompositions  that  take  place  at  the 
poles,  let  us  take  up  the  products  that  are  the  resultant  of  the 
chemical  action.  Around  the  negative  pole  we  find  potassium 
and  sodium  hydrates  and  hydrogen.  Around  the  positive  pole 
we  will  find  an  equivalent  amount  of  the  acids,  together  with 
chlorine  and  oxygen.  In  the  electrolysis  of  stricture  the  posi- 
tive pole  is  covered  with  a  sponge  or  some  like  substance  and 
moistened  and  applied  to  the  surface  of  the  skin.  The  liber- 
ation of  the  acids,  etc.,  takes  place  at  this  pole,  but  the  sur- 
face in  contact  with  the  skin  is  so  great  that  no  cauterization 
takes  place,  the  skin  being  simply  reddened.  We  need  not 
consider  further  the  positive  pole,  but  for  our  purpose  will 
confine  our  attention  to  the  negative. 

"The  negative  pole  is  the  urethral  electrode,  and  is  a 
sound  made  of  some  non-conducting  material  (vulcanite), 
through  whicli  passes  a  wire  or  metallic  conductor  terminating 
in  a  metallic  tip.  This  electrode  having  been  engaged  in  the 
stricture,  the  current  is  allowed  to  pass  while  pressure  is 
maintained  suflicient  to  keep  the  electrode  engaged,  and  to 
follow  up  any  advantage  gained.  That  the  obstruction  yields 
and  allows  the  passage  of  an  instrument  of  much  greater  size 
than  could  be  introduced  in  any  other  manner,  is  a  fact  that 
has   received   repeated   demonstration    at   the  hands  of   many 
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surgeons.  Occasionally  the  breaking  of  a  bubble  of  gas  can 
be  heard  as  it  escapes  by  the  side  of  the  electrode.  When  the 
electrode  is  removed  there  is  generally  found  a  white  froth 
clinging  to  it.  The  gas  which  escapes,  and  that  which  forms 
a  froth  with  the  mucus  and  albuminous  liquids  of  the  tissues,  is 
hydrogen.  Tlie  liberation  of  this  gas  is  that  which  produces 
the  physical  or  mechanical  action,  wiiich  is  the  neglected 
factor.  It  is  true  that  caustic  soda  and  potassa  are  liberated 
at  the  same  time,  and,  while  they  are  adjuvants  to  the  hydro- 
gen, but  little  dilatation  would  be  accomplished  if  we  were  to 
depend  on  these  substances  without  the  hydrogen.  The  action 
of  the  caustic  alkalies  on  the  tissues  is  to  cause  their  destruc- 
tion, without  the  coagulation  of  albumen,  and  the  eschar  which 
results  is  soft  and  non-contractile,  and  gradually  passes  from 
tissue  which  is  completely  dead  into  that  which  is  only 
destroyed  in  part,  till  it  verges  into  that  which  retains  its 
full  vitality.  The  want  of  contractility  of  the  eschar  and 
the  albumen  remaining  uncoagidated  are  points  I  wish  to 
empfvamze, 

"If  we  observe  electrolysis,  under  the  microscope,  in  water 
or  albumen,  we  will  see  a  minute  bubble  form  on  the  nega- 
tive pole,  and  this  rapidly  increases  until  the  buoyancy  of  the 
gas  overcomes  capillarity,  when  it  detaches  itself  from  the 
pole,  and  rises  to  the  surface. 

'*If  now  we  replace  the  water  or  albumen  with  tissue  and 
watch  the  action  of  the  current  we  will  find  that  the  gas  is 
given  ofi  as  it  was  in  the  case  where  water  was  used,  with 
this  exception  —  the  gas  becomes  entangled  in  the  meshes  of 
the  tissue,  and  in  its  attempt  to  escape,  its  volume  being  con- 
stantly augmented  by  the  continuance  of  the  electrolysis,  it 
forces  itself  through  the  meshes  of  the  tissues  now  softened 
bv  the  action  of  the  liberated  alkalies,  and  thus  aids  in  the 
breaking  down  of  the  tissues.    The  action  of  the  hydrogen  is 
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not  confined  to  the  tissue  immediately  surrounding  the  needles, 
but  exerts  its  influence  on  tissues  at  some  distance  away.     Hydro- 
gen being    the   most  diffusible  of  all   gases   (leaking  rapidly 
through  stop  cocks  that  are  oxygen  or  nitrogen  proof),  it  most 
rapidly  passes   through   the  tissues.     I    have   repeatedly   wit- 
nessed   the    collection   of   this  gas   under   the   skin   from  an 
eighth  to  a  quarter  of  an  inch  from  the  needle  when  the  needle 
traverses  the  tissue  parallel  to  the  skin.     In  the  electrolysis  of 
warts  and   moles,  the  needle   transfixing   them   through   their 
base,  the  tissue  composing  the  mass  of  the  growth  outside  of 
the  needle    becomes  white,  almost  as   though   it  were  frozen. 
This   appearance  is  caused   almost   entirely  by  the   entangle- 
ment of  hydrogen   in  the  interstices  of  the  tissue.     In  a  few 
instances  I  have  seen    the  gas    accumulate  in  such   quantity 
as  to  form   visible    bubbles  under    the  skin.     If    the    blood 
supply  has    been    completely  cut    off   by  the  destruction    of 
tissue  around   the  needle,  this  blanched  appearance  will  give 
place    in    a  few    hours    to    a    brown    eschar.     If  the    blood 
supply  has  not  been  completely  cut  off  the  growth  becomes 
swollen  and   red,    and  eventually  returns  to  its  former  con- 
dition, with  the  exception  that  it  may  have  slightly  decreased 
in  size.     The  disintegrating  action    of  the    hydrogen  on  the 
tissues    does    not    cause    their    destruction ;    it    lessens    their 
resistance,  and  allows  the  more  ready  passage  of  an  instru- 
ment through   them.     A  needle  which   may  have  been  intro- 
duced   with    difliculty  and    have    been    firmly    fixed    in    the 
tissues  before    the  current    was    established,    will    frequently 
drop  out    of    its  own  weight  by  reason  of  the  softening  of 
the  tissues  from  the  combined  action  of  the  alkaline  caustics 
and  hydrogen.     The  foregoing  has  reference  to  the  electrolytic 
action  which  takes   place  at  the   negative   pole. 

"The    electrolytic   action    is   most    marked,  all   else   being 
equal,   at  the   point  of  firmest  contact. 
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"  Let  U8  DOW  apply  the  above  stated  facts  to  electrolj'sis  of 
stricture.  Let  the  electrode  (a  sound  insulated  except  at  its 
tip,  and  through  the  center  of  which  a  conductor  is  carried 
which  connects  the  tip  with  the  negative  pole)  be  engaged  in 
the  stricture,  and  the  connection  be  made  with  the  negative 
pole.  We  have  every  reason  to  believe  that  the  following 
takes  place  :  Metallic  sodium  and  potassium  are  liberated  from 
the  salts  found  in  the  tissues  and  mucus,  and  in  turn  are 
instantly  decomposed  by  the  water  in  the  tissues  to  form 
sodium  and  potassium  hydrates  with  the  liberation  of  hydro- 
gen. At  several  points  on  the  surface  of  the  electrode  tip 
bubbles  of  hydrogen  will  form  and  rapidly  increase  in  size, 
pushing  back  the  tissue  at  each  of  these  points.  A  gentle  but 
firm  pressure  being  kept  up  on  the  electrode,  the  gas  will  find 
no  opportunity  to  pass  back  of  this  metallic  obturator,  but 
must  either  pass  forward  through  the  constricted  urethra  or 
force  a  passage  for  itself  between  the  cells  of  the  tissue.  In 
fact,  it  does  both.  However,  before  it  forces  itself  through  the 
tissues  it  may  form  a  bubble  of  a  size  that,  at  the  very  least, 
is  not  microscopic.  As  the  bubble  forms,  it  forces  the  tissue 
away  from  the  electrode,  and  as  the  gas  is  a  non-conductor, 
prevents  that  portion  of  the  tissue  from  being  acted  on  until 
the  gas  has  disappeared  from  between  it  and  the  electrode. 
From  this  it  will  be  seen  that  electrolysis  does  not  take  place 
over  the  entire  surface  of  the  electrode  at  once,  but  pushes 
the  tissues  first  acted  on  back,  while  a  new  part  comes  in 
contact  with  the  electrode,  when  electrolysis  takes  place  in  this 
newly  exposed  part.  Gradually,  almost  imperceptibly,  the 
electrode  advances  until  the  stricture  is  passed,  if  not  at  the 
first  seance  tlien  at  some  subsequent  one. 

'*  All  of  the  hydrogen  gas  is  not  disposed  of  in  the  manner 
above  indicated,  but  occasionally  a  bubble  may  escape  by  the  side 
of  the  electrode  with  an  audible  sound.     It  is  not  desirable  that 
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this  sliould  occur  to  any  marked  extent,  and  it  will  not  occur 
very  much,  provided  a  suitable  current  is  used,  and  the  electrode 
be  properly  constructed.  Theoretically  the  electrode  tip  should 
be  a  hemisphere,  or  better,  an  ovoid,  and  should  meet  the  insula- 
tion at  the  point  of  its  greatest  diameter ;  behind  this  point  the 
shaft  of  the  electrode  should  be  one  (French)  size  smaller  than 
the  greatest  diameter  of  the  tip.  Practically  I  have  found  this 
form  of  electrode  to  be  the  best.  I  do  not  use  the  conical 
pointed  electrode,  or  one  less  than  six  of  the  American  scale, 
unless  they  are  constructed  so  that  they  can  be  used  with  a 
filiform  bougie.  The  reason  why  the  shaft  of  the  electrode 
should  not  be  very  much  less  than  the  diameter  of  the  tip, 
is  that  when  a  great  disparity  exists  between  the  tip  and  the 
shaft,  the  latter  being  several  sizes  smaller  than  the  tip,  a 
decided  jump  occurs  as  the  electrode  clears  the  distal  end  of 
the  stricture.  This  is  decidedly  unpleasant  for  the  patient, 
and  in  addition,  this  portion  of  the  stricture  does  not  in  con- 
sequence receive  a  sufficiency  of  the  electrolysis. 

'*In  order  to  better  understand  just  what  amount  of  hydro- 
gen should  be  liberated  to  be  on  the  therapeutic  side  of  the 
danger  line,  I  have  made  the  following  computations:  The 
liberation  of  one  cubic  centimeter  of  hydrogen  at  the  temper- 
ature of  the  body  by  means  of  electrolysis  will  be  accom- 
panied by  the  formation  of  not  more  than  one-twentieth  of  a 
grain  of  sodium  hydrate ;  should  potassium  hydrate  (potassa 
fusa)  be  substituted  for  sodium  hydrate,  then  the  amount 
would  be  somewhat  greater,  but  not  more  than  one-fifteenth 
of  a  grain.  As  the  mixed  hydrates  are  liberated  in  electro- 
lysis of  stricture,  we  would  be  warranted  in  stating  that  not 
more  than  one-eighteenth  of  a  grain  of  the  mixed  caustic 
alkalies  would  be  produced,  with  the  liberation  of  one  cubic 
centimeter  of  hydrogen.  Tliis  amount  of  caustic  is  gradually 
spread  over  the  urethra  to  the  extent  of  from  one-half  to  two 
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inches.  I  believe  the  amount  of  hydrogen  will  not  ordinarily 
amount  to  more  than  one-fourth  or  one-third  of  a  cubic  centi- 
meter, in  which  case  the  amount  of  the  alkalies  would  be 
diminished  in  like  ratio..  The  disorganization  of  the  tissue 
should  not  extend  below  the  external  layer  of  the  mucous 
membrane.  A  current  strength  of  from  five  to  twelve  rail- 
liamp^res  is  all  that  is  required  in  electrolysis  of  stricture. 

''I  here  rest  my  case.  The  experts  in  this  branch  of 
surgery  must  decide  by  observation  and  experiment  whether 
my  points  have  been  well  taken  or  not.  Should  time  prove 
that  the  physical  factor  is  an  important  one  in  electrolysis, 
an  explanation  will  thereby  be  furnished  for  certain  facts 
which,  for  want  of  better  explanation,  have  been  referred  to 
the  eftect  of  the  current  on  the  cells  and  tissues  which  are 
in  some  hidden  manner  thereby  altered  so  that  great  improve- 
ment or  a  cure  results." 

Within  the  past  two  years  there  has  been  some  dispute 
between  Drs.  Keys  and  Newman  and  others  regarding  the 
eflicacy  of  this  treatment  and  at  present  it  is  difficult  to 
decide  who  has  the  best  of  the  argument.  Whatever  may  be 
said  for  or  against  this  treatment,  those  who  have  used  these 
means  in  the  form  of  stricture  suitable  for  its  employment  are 
not  willing  to  substitute  for  it  the  old,  more  tedious  and 
hazardous  method  of  dilatation.  This  form  of  treatment  is 
recognized  as  being  a  standard  method  and  will  continue  to 
be  used  as  long  as  electricity  is  used  in  the  treatment  of 
disease.  In  closing,  it  may  be  said  with  certainty  that  electro- 
lysis in  urethral  stricture  operates  by  dilating  the  stricture,  and 
in  so  doing  it  does  it  with  more  rapidity  and  less  danger 
than  by  any  other  form  of  dilatation,  and  at  the  same  time 
produces  changes  in  the  nutrition  on  the  tissues  composing  the 
stricture  which  aid  materially  in  making  the  work  permanent, 
more  permanent  in  fact  than  by  the  old  method  of  dilatation. 
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APOSTOLI'S  METHOD  WITH   UTERINE  FIBROIDS,  ETC. 

Within  the  past  seven  years  Dr.  Apostob*,  of  Paris,  has 
come  before  the  world  with  his  "New  Treatment  for  Uterine 
Fibroids,  Chronic  Metritis,  Subinvolution  of  the  Womb  and 
Ovarian  Inflammation,  by  means  of  the  Intra-Uterine  Chemical 
Galvano-Cauterizations."  At  first  he  met  opposition  and  had 
to  champion  his  cause  alone.  He  knew  from  his  results  that 
he  had  the  means  of  reaching  and  benefiting  these  cases 
which  so  frequently  are  without  help  by  any  means  save  a 
surgical  operation,  and  not  always  then.  He  contended  against 
adverse  criticism,  but  has  at  last  found  able  champions  not 
only  in  his  own  country,  but  also  in  England  and  America, 
who,  following  his  footsteps,  have  demonstrated  the  utility  of 
galvanic  electricity  in  relieving  the  distressing  symptoms  of 
these  diseases. 

For  the  purpose  of  this  work  we  can  not  do  better  than 
review  his  work  entitled  a  "New  Treatment  of  Chronic  Metritis 
and  Especially  of  Endometritis,  with  Intra-Uterine  Chemical 
Galvano-Cauterization,"  after  which  we  will  speak  of  some 
of  the  improvements  and  modifications  made  by  others  and 
give  our  own  views  on  the  subject. 

INSTRUMENTS. 

MILLIAMMETER. 

Apostoli  deserves  our  thanks  for  the  introduction  of  the 
milliammeter — the  absolute  galvano  meter  for  use  in  medicine. 
This  instrument  has  already  been  described  (page  443)  and 
need  not  be  dwelt  on  at  this  point.  By  means  of  the  milliam- 
meter we  are  enabled  to  carefully  graduate  the  dose  of 
electricity  in  each  case,  and  can  tell  at  each  moment,  not  only 
that  a  current  is  passing,  but  also  the  exact  strength  of  that 
ciuTent. 


462  APPENDIX. 

The    battery   recommended  by    Apostoli    is    composed   of 
Leclanche  cells  of  large  size,  and  consists  of  from  twenty  to 

thirty  elements.      This  battery,   according  to  Apostoli,    yields 

from    150  to  250  milliampferes,   with    the    resistance  of    the 

human  body  interposed  for  from    thirty   to  sixty  minutes,  if 

necessary.     Apostoli  also  speaks  with  praise  of    the  chloride 

of  silver  battery.     With  this  battery  he  states  that  you   can 

get    a  current    of    about   100    milliampferes,   a    current    quite 

sufficient    for    this   method    of    treatment    according    to     the 

majority  of  operators. 

INTRA-UTERINE    ELECTBODES. 


Fig.  144. 

DR.  MARTIN'S  INTRA-UTERINE  ELECTRODE. 

This  electrode  is  about  11  inches  long  nnd  varying  in  size  from  a  6  to  10 gauge  arethral 
sound,  American  scale.  It  is  insulated  from  the  tip  backward  for  about  %  of  an  inch,  then 
there  intervenes  a  coil  of  platinum  wire  varying  in  length  from  1  to  2  inches,  the 
remainder  of  the  electrode  is  insulated  except  at  the  end  where  the  conducting  cord  is 
attached.  A  sheath  of  soft  rubber,  tipped  at  either  end  with  hard  rubber,  and  with  a 
screw,  so  arranged  that  it  can  be  afllxed  to  the  electrode  at  any  point,  can  be  used  with 
this  electrode  and  serves  as  an  additional  insulation  and  also  prevents  the  introduction  of 
the  electrode  any  fiirther  than  is  previously  determined. 

The  intra-uterine  electrodes  may  be  made  of  platinum, 
gold,  or  alumininn ;  because  none  of  these  metals  are 
acted  on  to  any  extent  when  they  are  employed  as  the 
positive  pole.  The  electricity  from  this  pole,  by  virtue  of 
the  acids,  oxygen  and  chlorine  liberated  here,  causes 
rapid  erosicm  and  ultimate  destruction  of  the  electrode^  pro- 
vided any  metals  other  than  those  above  mentioned  are  used 
in  its  construction.  This  is  important,  because  the  intra- 
uterine electrode  is  frequently  the  positive  pole,  and  its 
construction  of  any  metal  wlii^-h  would  become  corroded 
would  so  roughen  the  surface  of  the  electrode  as  to  cause 
injurv  to  the  delicate  mucous  membrane  of  the  uterus.     These 
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electrodes  are  insulated,  except  where  the  metal  is  purposely 
exposed.  This  insulation  may  consist  of  several  substances, 
but  rubber  (vulcanite)  and  celluloid  seems  to  furnish  the  best 
insulation. 

CUTANEOUS  ELECTRODE  OF  CLAY. 

The  abdominal  electrode  of  moist  clay  is  another  device 
of  Apostoli.  He  found,  by  means  of  a  large  disk  of 
moistened  clay  applied  to  the  abdomen,  that  much  stronger 
currents  could  be  obtained  from  a  given  number  of  battery 
cells  than  with  any  previously  devised  electrode.  With  this 
electrode  of  clay,  currents  of  from  100  to  200  milliampferes  can 
be  borne  without  injury  to  the  cutaneous  surface. 

He  takes  modeling  clay  and  water  and  makes  the  clay 
quite  soft  and  of  uniform  consistency ;  places  it  in  thin  muslin 
or  coarse  tarlatan,  and  then  applies  it  to  the  abdomen.  A  flat 
disk  of  copper  of  some  considerable  surface  is  imbedded  in 
the  outer  layer  of  the  clay.  The  clay  is  made  of  uniform 
thickness,  surrounded  by  a  towel  to  prevent  the  soiling  of 
clothing,  ani  held  in  place  by  the  patient's  hands.  The  fol- 
lowing points  should  be  observed  in  reference  to  the  clay : 
It  should  be  as  plastic  as  possible,  free  from  sand  and  uni- 
form. When  not  in  use  it  should  be  wrapped  in  some  imper- 
vious material  such  as  rubber  or  oil  silk  or  stiff  oil  paper. 
The  thickness  of  the  layer  of  clay  should  be  from  J  to  ^  an 
inch  and  should  be  from  10  to  12  inches  long  and  6  to  8 
inches  wide.  The  flat  electrode,  which  is  imbedded  in  the 
day,  should  be  3  or  4  inches  square. 

The  advantages  claimed  for  the  clay  are  as  follows  :  Because 
of  its  coldness,  it  overcomes  the  heat  which  may  be  produced 
on  the  surface  of  the  skin  by  the  passage  of  the  current  It 
clings  close  to  the  surface  of  the  skin.  It  moistens  the 
epithelium,  thereby  increasing   the   conductivity  of   the   skin. 
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It  allows   the  current  to  pass  without   chemical  action  taking 
place  at  the  point  of  contact. 

MODE  OF  OPERATING. 

PREPARATION. 

The  operator  should  see  to  it  that  hands  and  instruments 
are  in  a  thoroughly  aseptic  condition.  He  should  then 
examine  his  battery,  element  by  element,  to  see  that  the 
current  furnished  by  each  cell  is  up  to  the  standard.  The 
operator  should  observe  that  the  milliammeter  is  properly 
placed,  and,  when  the  current  is  not  on,  that  the  needle 
stands  at  zero.  All  being  in  readiness,  it  is  well  to  review 
the  apparatus  in  hand  and  see  that  nothing  is  omitted. 

NECESSARY    APPARATUS. 

The  following  apparatus  is  absolutely  necessary  for  this 
operation,  namely,  the  battery,  the  current  selector,  whereby 
one  cell  at  the  time  can  be  added  until  the  whole  strength 
of  the  battery  is  in  circuit,  the  milliammeter,  conducting 
cords,  the  intra-uterine,  and  the  abdominal  electrode  of  moist 
clay.  Tlie  chair,  table  or  bed  on  which  the  operation  iR  to 
be  performed  should  be  so  situated  in  relation  to  the  current 
selector  and  milliammeter  that  the  operator  can  have  them 
completely  under  his  control   without    changing  his  position. 

OPERATION. 

All  being  in  readiness  the  patient  is  placed  upon  a  chair  — 
an  antiseptic  vaginal  injection,  of  corn>sive  sublimate  of  one 
or  two  in  each  thousand,  having  been  just  previously  admin- 
istered. The  clay  is  placed  on  the  abdomen,  first  observing, 
however,  that  there  are  no  })iinples,  abrasions  or  wounds  of 
any  kind.  If  any  exist  thev  should  be  covered  by  means  of 
some  impervious  material   as,  for  instance,  rubber  plaster  or 
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isinglass   plaster  covered   with   collodion,  or  some  similar  sub- 
stance.    The  uterine  electrode  is  now  introduced,  care  being 
taken    not    to   use    any   force   whatever    in    its    introduction. 
After   the  introduction   of    the   sound   a    careful    examination 
should  be  made  to  see  that  none  of  the  uninsulated  portion 
remains  in  the  vagina.     Should  this  be   the  case,  the  vagina 
should  be  protected  by  the  shield  of  rubber  which  is  furnished 
with  these  electrodes.     The  conducting  cord  is  now  attached  to 
the  intra-uterine  electrode.     Any    pain   which  may  have  been 
caused  by  the  introduction  of  the  sound  is  allowed  to  subside. 
The  cuFreut  is  now  gradually  turned  on,  one  cell  at  a  time, 
until  the  requisite  amount  of  current  is  obtained.     The  intra- 
uterine   electrode    is    retained    in    position    by    one    of    the 
operator's  hands,  the  other  hand  being  free  to  manipulate  the 
current  selector.     If  at  any  time  during  the   switching  on  of 
the  current  the  patient  complains  of  pain,  it  is  advisable  not 
to    add   any  more   cells    until   the   pain   subsides,   after  which 
the  current    may   be  gradually   augmented   until  the  desired 
amount  is  obtained.     Usually  the  maximum  of   current    can 
be  reached  in  a  few  seconds.     When  the  maximum  is  attained 
the  current  is  allowed  to   pass  from  live   to  ten  minutes.     At 
the  end   of  this  time   the   current  is   as  gradually  diminished 
as  it  was   increased   at  the   beginning  of   the   operation.     Be 
careful   not  to   disconnect    the    current   anywhere   in   metallic 
circuit    until     the    current    has     entirely    ceased.     The    intra, 
uterine   sound  is  carefully  removed.     The  abdominal  electrode 
of  clay  is  removed,  after  which  the  abdomen  is  gently  cleansed 
from  any  of  the  clay  which  may  adhere  to  it.     The  vagina  is 
then  cleansed  with  the  antiseptic  solution  and  a  tampon  of  iodo- 
form gauze  is  introduced.     This  latter  serves  to  support  and  fix 
the  uterus,  and  also  interposes  an  obstruction  to  coitus,  which 
should   be    i)rohibitc*<l.       Tiie   ])atient   should    now   he   <h'rcctcd 
to   remain   quiet   for  some  little   time  —  pre{cM\,bly  I..  i:ig  down 
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for  several  hours.  Should  she  be  at  your  office  she  should 
not  be  permitted  to  go  home  until  after  the  colicky  pains 
which  follow  the  cauterization  shall  have  nearly  or  quite 
disappeared.  '^  Frequently,"  Apostoli  remarks,  *'the  post 
operative  period  is  even  more  painful  than  the  operation 
itself."  A  bloody  discharge  may  occur  a  few  hours  after 
the  operation,  which  usually  stops  of  its  own  accord.  The 
following  days  a  sero-purulcnt  discharge  may  occur,  gradually 
diminishing  till  it  ceases.  Should  rest  not  be  sufficient  to 
overcome  the  discomforts  of  the  operation  a  large  poultice 
may  be  applied  to  the  abdomen. 

Such  is  the  abstract  of  Apostoli^s  method  as  described  by 
himself.  Many  of  the  physicians  who  have  undertaken  to 
follow  in  his  footsteps  have  seen  fit  to  secure  apparatus 
similar  if  not  identical  to  that  used  by  Apostoli.  They  have 
followed  his  directions  with  careful  fidelity,  so  that  it  might 
be  said  that  any  failure  which  came  to  them  would  not  be 
due  to  any  innovation  which  they  had  sought  to  introduce. 
All,  however,  have  not  been  so  careful  in  regard  to  details, 
but,  grasping  the  underlying  principle,  have  modified  the 
technique  of  the  operation,  and  the  result  has  been  new  methods 
of  procedure,  new  forms  of  uterine  electrodes,  new  forms  of 
abdominal  electrodes  and  a  decided  diflerence  in  the  opinion 
of  operators  as  to  what  the  strength  of  the  current  should 
be  and  the  portion  of  the  uterine  cavity  that  should  be 
brought   in   contact  with   the   electrode. 

OTHER    FOKMS    OF     ABDOMINAL    ELECTRODES. 

One  of  the  earliest  innovations  was  the  introduction  of 
a  new  form  of  electrode  to  take  the  place  of  the  abdominal 
one   of  moist  clav. 

The  foIh)wing  objections  have  been  raised  to  the  clay 
electrode  :    It   is   heavy,  cold   and    unpleasant   to   the   patient. 
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and  requires  a  considerable  cleansing  of  the  Burtuce  nf  tbo 
abdomen   after  its  removal. 

The  Mcintosh    Company,   at    the    request    of  Dr.    V.    II. 

Martin,   of  Chicago,  prodaced   an   electrode   which    fultilla  the 

indications  of  the    clay  electrode  without  its  objections.      It 

conBiBts  of  a  shallow  bell  of  metal 

f\  some  eight  inches  in  diameter  and 

w   * ^^     from  tJiree-fourtbs  of  an  inch  to  an 

inch  in  depth.  The  edges  ut'  it  aro 
covered  with  rubber,  and  over  this 
a  membrane  is  stretched  and  fast- 
ened 8(1  as  to  prevent  the  leaking 
of  water  with  which  the  eluctrixlu 
is  filled — a  suitable  aperture  being 
constructed  iu  the  back  of  the  elec- 
trode for  tluB  purjxjse.  Tiie  elec- 
trode having  been  tilleil  with  water 
(warm  water,  if  desirwl)  in,  a  few 
ininuteB  after  it  has  l>eGn  filled^ 
wliicb  time  is  neceiwary  for  the 
moistening  of  the  meiiibratie,  retuly 
to  be  ai>|>Ii(Ml  to  the  alxloriK^n  of 
the  patient.  With  this  eleetnxle  the  current  can  l>e  rea'lily 
applied  without  blistering  or  pain.  It  can  l«  instantly 
removed,  leaving  the  Kurtace  of  the  aUlomen  |»«;rfefrtly  cI<:i(N. 
Those  who  have  umkJ  this  i^kirtrmi-.  and  the  nut-  of  rlay 
invariably   prefer   this  electr'nle. 

This  electr<*de  is  not  wholly  fn-e  fnm  'ii>}i-iA'i<iu-.  t^mn) 
of  which  are  as  follows,  namely :  'Ihe  u.-ndt:fj';y  of  the  iin:in- 
brane  to  de'.-omji'fv,-  if  kept  moi»!t  'jormtantly.  When  ^n^1rt■' 
faction  take-;  pla',-*;  the  '*'lor  h  anytliin;?  but  pli«ii.atit.  If 
it  is  allowe^J  i-  dry  ;t  it  Hal/e  t',  '-ni'k  -.r  hr<;alt  away  froru 
the  metal   part,  and   ih'rii    ji   J*    n-^r'n-'h   l<i-"auM;   it   l<aiks. 


This  electrode  li  a  nickel  pli 
wncave  plaie.  "  Inchta  In  dlune 
ind  corned  on  ill  under  surface  v 
in  uiinial  membrsDC.    This  Is  II 


top  or  Ibe  clecirodr. 
nUAlli    in    ihe     l:i<l 

b;  Apoctoll. 


This  electrode 
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An  abdominal  electrode  free  from  these  objections  has  been 
devised  by  Dr.  Plymmon  S.  Hayes.  It  consists  of  a  disk  of 
thin  soft  metal,  from  which  sectors  have  been  removed  so 
as  to  allow  of  its  being  readily  coapted  to  the  surfaces  of 
the  various  abdomen  to  which  it  may  be  applied.  It  is 
covered  on  the  under  side  with  a  layer  of  spongiopiline 
about  a  half  an  inch  in  thickness.  A  piece  of  chamois- 
skin  a  little  larger  than  the  electrode  is  moistened  and 
applied  to  the  abdomen.  The  electrode,  which  has  been  thor- 
oughly moistened,  is  now  applied  over  the  chamois-skin.  This 
electrode  fulfills  the  requirements  of  such  an  electrode,  as  it 
readily  adapts  itself  to  the  surface  of  the  abdomen  and. at  the 
same  time  interposes  an  equal  resistance  in  all  parts  to  the 
passage  of  the  electricity — the  spongiopiline  being  of  uniform 
thickness  throughout  its  entire  extent.  This  electrode  is  lighter 
than  either  of  the  other  two  varieties.  If  desired,  a  fresh 
piece  of  chamois-skin  may  be  had  for  each  patient.  In  point 
of  cleanliness,  lightness  and  ease  of  manipulation,  it  is  supe- 
rior to  either  Apostoli's  or  Martin's  electrodes,  and  is  equally 
effective  in  allowing  the  current  to  pass  through  it  without 
blistering  or  otherwise  injuring  the  skin. 

The  use  of  a  salt  solution  in  order  to  increase  the  conduc- 
tivity of  the  electrode  cannot  be  employed  to  any  advantage  with 
the  abdominal  electrode  of  chiv,  or  with  the  Martin  electrode. 
The  effect  of  the  salt  upon  the  membrane  of  the  latter  is  to 
harden  it,  and  as  the  membrane  is  of  unequal  thickness  and 
texture,  there  is  unequal  transudation  through  it,  which  pre- 
cludes its  use. 

In  the  electrode  devised  bv  Dr.  Haves  a  salt  solution 
can  be  used  to  moisten  the  electrode,  provided  any  salt 
which  mav  have  been  used  at  a  former  time  has  been  thor- 
oughly  removed  from  the  electrode  and  chamois-skin.  This 
latter  should  not  be  wetted  in  salt  solution.     If  the  salt  solution 
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is  not  thoroughly  removed  from  the  electrode  the  gradual 
evaporation  of  the  water  will  cause  the  s^lt  to  crystallize, 
according  to  well  known  physical  laws,  upon  the  edges  of  the 
spongiopiline.  If  the  salt  is  not  fully  removed  before  it  is 
used  again,  the  conductivity  of  the  electrode  will  be  so  much 
greater,  at  these  points  where  the  salt  has  accumulated,  as  is 
manifested  by  the  crystallization,  that  pain  and  blistering  of 
the  surface  will  result.  If  the  battery  is  suflSciently  strong  to 
attain  the  desired  strength  of  the  current  without  the  use  of 
salt,   the  salt  should  never  be  used. 

Before  leaving  this  part  of  the  subject  it  might  be  well 
to  mention  the  fact,  so  frequently  noticed  in  the  use  of 
electricity,  of  the  strength  recommended  by  Apostoli,  which 
is,  that  a  patient  may  bear  with  impunity  today  a  current 
of  100  milliamp^res,  and  will  scarcely  tolerate  one  of  75 
milliamperes  at  the  next  treatment.  We  are  unable  always 
to  satisfactorily  demonstrate  the  reason  for  this.  This  fact 
remains,  and  we  must  graduate  the  current  at  each  treat- 
ment so  as  to  meet  the  indication  of  each  individual  case. 
Because  a  patient  has  taken  100  milliampferes  today,  we 
cannot  say  that  at  the  next  time  the  dose  will  be  the  same. 

VARIATIONS   OF   APOSTOLl' S   METHOD. 

Apostoli  recommends  that  the  entire  operation  should  be 
performed  without  the  use  of  a  speculum.  Upon  this 
point  other  observers  differ  with  him,  and  while  insisting 
upon  asepsis  they  believe  that  in  many  cases  the  speculum 
can   be  used   with  advantage. 

In  the  practice  of  the  writer  he  has  had  several  cases  in 
which  the  position  of  the  uterus  was  such  that  it  was  almost 
if  not  quite  impossible  to  introduce  the  intra-uterine  elec- 
trode without  the  speculum.     The  introduction  of  the  speculum 
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corrected  the  malpo^iti'ia.  so  that  the  elecczoiie  cooLd  be 
intryioced  with  fawilirj. 

The  troth  lies  between  the  two  extremes^  that  in  ourtazzi 
cases  the  ffpecolam  maj  be  required  and  in  others  the  treat- 
ment Diaj  be  performed  as  thoroGghlj  and  carefnllT  witboat 
the  introduction  of  the  specnlom.  As  a  role  patients  object 
to  anj  more  instruments  tiian  are  absolatelj  necessazj*  and 
whenever  the  treatment  can  be  performed  as  well  withoat 
the  specnlom  as  with  it,  the  writer  would  adrise  the  omis- 
sion  of  this   in.^trnment. 

In  certain  cases,  when  the  nteros  is  held  down  bj  adbe^ 
sion  so  as  to  be  practicallj  immovable  and  to  be  so  placed 
t^iat  it  is  not  possible  to  introduce  the  uterine  sound  or 
electrode    throngh    die    cervical    canal,  Apostoli    reconunends 


Fig.  It6. 

DR.  MABTIVS  FIBROID  XEEDLE. 

ThU  needle  U  ripped  with  gold  or  platinum  and  is  insolated  except  dcat  the 
tip.  It  U  fjcj-^lonuWj  fi^und  ofleftil,  bat  U  not  nearly  as  oniveisally  used  as  is  tht 
Intra- titerine  f:>rtr>le. 

the  puncture  of  the  uterus  by  means  of  a  suitable  electrode, 
and  the  introduction  of  the  electrode  to  the  interior  of  the 
uterus.  This  procedure  is,  however,  strongly  censured  bv 
some  of  our  able  gynaecologists.  The  danger  of  piercing 
the  bladder,  rectum,  or  of  traversing  some  large  venous 
sinus,  is  so  great  that  if  the  result  was  not  fatal  to  the 
))atient  it  might  be  attended  with  great  distress  and  incon- 
venience. 

Whatever  difference  there  may  be  in  the  technique  of  the 
treatment,  all  authorities  are  agreed  that  in  case  of  ulcera- 
tion, of  hemorrhage,  or  of  congestion  the  positive  pole  should 
be  the  one  en]|)loyed  within  the  womb.  In  all  other  instances 
the  negative   should   be   employed. 
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This  method  of  treatment  of  uterine  fibroids  does  not 
necessarily  render  the  patient  sterile. 

RECAPITULATION    OF   TREATMENT. 

The  apparatus  necessary  for  the  Apostoli  method  con- 
sists of  a  battery  of  from  thirty  to  fifty  cells,  a  good  cur- 
rent selector,  an  accurate  milliammeter,  conducting  cords, 
a  proper  abdominal  electrode,  suitable  intra-uterine  electrodes, 
a  disinfecting  solution  and  an  apparatus  for  vaginal  irriga- 
tion. All  being  in  readiness,  the  vagina  is  rendered  asep- 
tic, the  electrodes  external  and  intra-uterine  in  position,  the 
current  is  gradually  increased  from  zero  without  breaks  in 
the  metallic  circuit  until  the  current,  suited  to  the  case,  be 
reached.  After  five  or  ten  minutes  the  current  should  be 
as  gradually  diminished,  the  electrode  removed,  the  antisep- 
tic vaginal  injection  given  and  a  tampon  of  iodoformized 
gauze  or  some  other  aseptic  material  introduced  into  the 
vagina.  The  patient  should  remain  at  least  until  the  colicky 
pains  have  subsided,  and  should  remain  comparatively  quiet 
for  several  days.  The  treatment  should  not  be  repeated 
oftener  than  from  four  to  six  days,  and  in  some  cases  a 
much   longer  time   may   intervene. 

The  results  are,  arrest  of  the  hemorrhage,  relief  from 
pain  and,  in  the  more  favorable  cases,  decrease  in  size 
of  the  tumor.  After  the  discontinuance  of  the  treatment 
we  frequently  have  a  decided  increase  in  strength  and  weight 
of  the  patient. 

THEORETICAL   VIEWS   OF   THE   SUBJECT. 

In  reference  to  the  theory  in  regard  to  the  action  of 
galvanic  electricity  in  these  cases  the  following  statements 
may  be  made  as  being  capable  of  demonstration.  The 
galvanic  current  used  to  produce  electrolysis    on   living  tissue 
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accomplishes  its  results  by  utilizing  three  properties  of  the 
current :  First,  the  chemical  property,  into  which  the  electricity 
is  converted  and  manifests  itself  in  the  fluids  and  semi-fluids 
contiguous  to  the  electrode  (catalytic  action) ;  second,  the 
physical  properties,  due  to  the  disintegration  of  the  tissues  by 
the  liberation  of  gases  (chiefly  hydrogen)  around  the  electrodes 
and  the  transference  of  substances  through  the  tissues  (cata- 
phoric action) ;  third,  the  physiological  properties  of  the 
galvanic  current  as  it  produces  trophic  changes  in  the  tissues. 

The  most  important  of  these  factors  is  unquestionably  the 
first,  the  chemical^  by  which  the  electricity  is  converted  into 
chemical  action.  The  amount  of  chemical  action  is  limited 
only  by  the  extent  of  the  electrodes,  the  amp6reage  of  the 
current  and  the  length  of  time  the  electricity  is  allowed  to 
pass. 

The  chemical  action  which  takes  place  about  the  electrode 
when  a  current  of  galvanic  electricity  is  transmitted  is  known 
as  electrolysis,  galvano-chemical  action,  or  as  the  catalytic 
action  of  the  current. 

Hie  physical  factors  are  two  in  number,  mechanical  effect 
due  to  the  generation  of  gas  about  the  electrode,  and  the 
cataphoric  action  of  the  current. 

The  physical  factor  in  the  case  of  liberation  of  the  gases 
around  the  electrode  and  the  consequent  disintegration  of  the 
tissue  in  consequence  to  such  liberation  of  gas,  is  not  a  factor 
that  need  be  considered  in  relation  to  uterine  fibroids  unless 
there  be  stenosis  of  the  cervical  canal,  in  which  case  it  may 
be  of  advantage  in  the  dilatation,  as  in  stricture  of  the 
urethra  y.  v.  This  fact,  however,  is  true,  that  the  gas 
liberated  by  the  electrode  within  the  uterine  cavity  may  act 
as  a  foreign  body  and  produce  colicky  pains  until  it  either 
escapes  through  the  cervical  canal  or  is  absorbed  by  the 
blood  and  carried  away  or  passes  through  the  tissues  by  diffusion. 
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Tlie  cataphoric  action  may  be  briefly  stated  to  be  the 
transference  of  molecules  through  the  membranes  and  tissues 
forming  the  body,  which  may  interpose  between  the  elec- 
trodes, in  the  direction  of  the  current  from  the  positive  to 
the  negative  pole.  If  we  take  a  suitable  apparatus  for  the 
demonstration  of  electrolysis,  and  interpose  an  animal  mem- 
brane between  the  electrodes  in  such  a  manner  as  to  prevent 
any  communication  between  the  electrodes  through  the  liquid 
except  by  way  of  the  membrane,  and  allow  the  current  to 
pass,  it  will  be  found  that  the  current  will  cause  osmosis 
to  take  place  in  the  direction  of  the  current,  and  that 
portion  of  the  liquid  surrounding  the  negative  pole  will 
increase  in  volume,  and  the  increase  will  be  proportional  to 
the  strength  of  the  current  and  the  length  of  time  it  is  continued. 

This  cataphoric  action  of  the  current  unquestionably  causes 
a  diminution  of  the  liquids  which  may  be  present  in  the 
tissues  around  the  positive  pole,  and  it  as  unquestionably  causes 
an   increase   in   the   tissue   surrounding  the   negative  pole. 

If  there  is  no  remedial  agent  around  the  positive  that 
can  be  made  to  pass  into  the  tissues  by  this  physical 
action  of  the  current,  I  doubt  whether  we  can  claim  any- 
thing more  for  this  cataphoric  action  than  as  though  the 
tissues  around  the  respective  electrodes  had  been  depleted 
or  congested  to  a  like  amount  by   other  means. 

Tlte  physiological  effect  of  the  current  producing  nutritive 
changes  in  the  tissues  is  a  factor  the  demonstration  of 
which  is  very  much  more  difficult  than  that  of  the  other 
two  factors.  We  know  that  nutritive  changes  follow  the 
passage  of  the  galvanic  current,  but  we  cannot  regulate  them 
to  the  nicety  that  we  can  either  the  chemical  or  physical 
factors,  nor  can  we  foretell  what  will  be  accomplished  by 
the  physiological  effect  of  the  current  as  we  can  with  the 
other  two   factors. 
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There  are  two  views  in  regard  to  electrolysis,  when  it 
takes  place  on  the  tissues  of  the  body.  One  is  that  the 
chemical  and  physical  actions  of  the  current  are  local  and 
exert  their  influence  only  in  the  region  of  and  surrounding 
the  electrodes.  That  the  cells  and  structures  between  the 
electrodes,  and  outside  of  the  action  of  the  acids  or  alkalies 
generated  around  the  pole,  are  unaflected  by  the  current 
except  in  as  far  as  the  current  would  act  on  the  parts  by 
its  physiological  action,  which  would  be  no  difiereut  should 
the  electrodes  be  so  arranged  that  electrolysis  did  not  take 
place. 

This  is  the  theory  accepted  in  this  work,  and  which  has 
been   demonstrated   to   be  the  fact  by  Dr.  J.  Inglis  Parsons. 

The  other  theory,  and  the  one  which  Apostoli  and 
others  have  adopted,  is  that  all  the  tissues  between  the 
electrodes  are  aff'ected  by  the  electrolysis  and  that  the  whole 
molecular  structure  between  the  electrodes  is  altered,  and, 
conseciuently,  such  profound  changes  take  place  in  the  struct- 
ure of  the  tissues  that  the  cells  of  low  vitalitv,  as  are  found 
in  fibroid  tumors,  lose  the  little  vitality  they  have  and  are 
ultimately  absorbed.  The  advocates  of  this  theory  assume 
that  certain  facts  have  already  been  proven,  and  on  this 
assumption  have  built  an  hypothesis  which  is  untenable.  If 
this  last  theory  is  true,  the  question  at  once  arises,  how  are 
we  then  to  know  the  strength  of  current  that  will  so  differ- 
entiate between  the  cells  of  low  vitality  and  those  of  normal 
tissue   through   which   the   current   must  of  necessity   pass  ? 

The  patients  suffering  from  uterine  fibroids  in  a  well-known 
sanitarium,  who  were  being  treated  by  this  method,  became 
panic  stricken  when  they  made  a  personal  application  of  this 
theory,  and  said  if  electricity  will  do  this  to  fibroid  tumors, 
then,  of  necessity,  will  it  have  a  like  action  on  the  cell 
structure    of    the  uterus,    intestines,    bladder    and    abdominal 
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walls,   thus  causing  absorption  and  ultimate  destruction  of  the 
tissue  composing  these  necessary  organs. 

From  the  foregoing  statements  one  would  be  led  to  i^ppose 
that  the  uterine  fibroid  tumor  need  not  necessarily  be  dimin- 
ished in  size  by  this  treatment.  It  is  a  fact  that  while  gal- 
vanic electricity,  applied  according  to  Apostoli's  method,  is 
effective  in  many  cases  in  arresting  the  hemorrhage  and 
relieving  pain — facts  which,  alone,  will  ever  give  to  this  method 
a  prominent  place  in  uterine  therapeutics — it  does,  in  but  a 
few  cases,  cause  the  absorption  and  ultimate  removal  of  the 
tumor. 

CONCLUDING   REMARKS. 

There  are  a  number  of  observations  of  those  who  have 
written  on  this  subject  that  we  cannot  well  omit  without 
leaving  out  some  important  matter.  As  there  seems  to  be 
no  special  place  for  these  observations,  we  will  group  them 
together,  trusting  that  they  will  receive  the  attention  they 
deserve,  and  possibly  be  more  emphasized  than  as  if  they 
had  occurred   scattered   through  this  article. 

Gradually  there  has  been  a  tendency  on  the  part  of 
many  who  have  used  this  process  to  use  less  rather  than 
more  than  100  milliamp^res.  The  following  are  some  of 
the  reasons  for  this  change:  There  is  less  liability  to 
produce  severe  and  unpleasant  shocks  should  the  current  be 
broken  in  metallic  circuit.  While  it  is  said  that  this  acci- 
dent should  never  happen,  nevertheless  it  occasionally  hap- 
pens even  when  the  operation  is  done  by  the  most  skillful. 
The  colicky  pains  following  the  operation  are  less  severe 
when  the  lesser  current  is  used.  Whenever  the  current  is 
broken  in  metallic  circuit  during  the  time  of  the  treatment, 
the  patient  is  liable  to  suffer  with  subsequent  symptoms  of 
"rise  of  temperature,  considerable  pain   and  malaise."    With 
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this  <4trengtli  of  current  there  is  also  less  danger  of  blis- 
tering the  entaneous   surface  under  the  abdominal  electrode. 

The  blisters  that  are  sometimes  produced  on  the  surface 
are  caused  not  by  virtue  of  any  heat  produced,  but  by  the 
electrolytic  action  which  has  taken  place  because  of  some 
imperfection  in  the  electrode,  or  the  method  of  its  applica- 
tion, (tr  because  of  some  abrasion  of  the  surface,  which 
had  not  been  protected.  If  the  two  poles  of  a  battery  be 
applied  to  the  surface  of  the  skin  by  means  of  a  metallic 
electrode,  and  galvanic  electricity  be  allowed  to  pass,  there 
will  ultimately  be  formed  a  sore  closely  resembling  a  blis- 
ter produced  by  heat,  but  which  sore  is  not  due  to  heat, 
but  rather  to  the   electrolvtic  action   of  the  current. 

If  the  remedial  action  of  Apostoli's  method  depends  upon 
the  electrolytic  action  of  the  current  acting  on  the  intra- 
uterine tissues,  as  some  of  the  more  recent  writers  on  this 
subject  seem  to  hold  as  being  the  fact,  the  use  of  currents 
of  over  1<>0  milliamp^res  is  unnecessary,  for  the  results 
obtained  by  tlie  stronger  current  can  readily  be  obtained 
by   using  tlie  feebler  current   for  a  greater  length  of  time. 

Some  idea  of  the  amount  of  destruction  of  tissue  by  this 
method  may  be  obtained  from  the  following  quotation:  "Even 
with  a  strong  current  of  200  milliamperes  continued  for  half 
an  liour,  the  amount  of  tissue  destroyed  is  not  much  bigger 
than  a  walnut,  and  is  confined  to  the  neighborhood  of  the 
needle."  This  somewhat  indefinite  but  comprehensive  state- 
ment will  better  convey  to  our  minds  just  what  takes  place 
around  the  intra-uterine  electrode  than  any  statement  of  the 
work   done   by   this   current  in    abstract   units. 

The  questions  that  concern  us  in  reference  to  Apostoli's 
method  are  :  What  are  we  to  expect  from  it  ?  How  much  are 
we  to  promise  our  patients  ?  Will  the  tumor  wholly  disap- 
pear?     Judging    from    the    published    reports    of    cases    the 
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following  are  the  most  constant  results :  Arrest  of  hemor- 
rhage, relief  from  pain,  relief  of  pelvic  inflammations, 
arrest  of  the  growth  of  the  tumor,  diminution  in  the 
size  of  the  tumor,  and  in  a  few  cases  the  almost  if  not 
absolute   disappearance  of  the  growth. 

The  contra-indications  for  this  treatment  would  be,  present 
or  very  recent  and  severe  pelvic  inflammation,  pelvic 
abscess,  tumors  that  are  not  growing  and  are  not  accom- 
panied with  pain  or  hemorrhage,  and  last  the  idiosyncrasy 
that  is  occasionally  encountered  in  patients,  whereby  they 
are  intolerant  of  even  the  mildest  galvanic  current.  Fibro- 
cystic tumors   are  but  little  benefited   by   this  treatment. 

Like  all  new  methods  of  treatment,  this  has  been  tried 
in  nearly  every  case  that  came  under  the  head  of  uterine 
fibroid  tumors,  whether  the  case  was  a  suitable  one  or  not. 
The  result  has  been  disappointment  in  various  ways,  in  a 
number  of  cases  that  have  been  brought  to  my  notice.  In 
one  case,  in  which  the  patient  was  unaware  that  she  had 
a  tumor  until  she  submitted  to  a  uterine  examination,  I  have 
had  the  opportunity  of  making  two  examinations,  one  shortly 
after  commencing  the  treatment,  and  the  second  after  some 
six  months  of  treatment.  The  tumor  had  not  diminished  in 
the  least.  The  most  marked  effect  was  the  loss  of  flesh  and 
general  prostration  while  under  the  treatment.  It  might  be 
worthy  of  remark  in  this  connection,  that  the  tumor  was  sit- 
uated in  the  posterior  wall  of  the  uterus,  and  as  the  electricity 
was  applied  in  the  regulation  way  —  intra-uterine  and  abdo- 
minal—  very  little  of  the  galvanic  current  found  its  way 
through    the   mass  of   the  tumor. 

Finally,  the  Apostoli  method  is  not  always  devoid  of 
danger.  Dr.  L.  Daninon  has  collected  four  cases  in  which 
cysts  were  mistaken  for  fibroids,  and  death  resulted  from  the 
treatment.     He  refers   to  other  fatalities,  occurring  in  his  own 
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practice  as  well   as  in   the  practice  of    others,  not  excepting 
ApostoH. 

APOSTOLl's  METHOD   IN   OTHER   DISEASES. 

In  electrolysis,  we  have  the  means  of  cauterizing  either  by 
an  alkaline  or  acid  caustic,  in  situations  where  it  would  be 
impossible  of  accomplishment  by  any  other  agent,  with  the 
same  degree  of  accuracy  or  ease.  By  means  of  electrolysis 
the  cauterization  can  be  limited  to  a  small  and  definite  portion, 
or  spread  over  considerable  surface.  The  destruction  of  tissue 
may  be  limited  to  the  superficial  layer  contiguous  to  the  elec* 
trode,  or  it  may  be  more  deep  and  extensive,  proportionate  to 
the  strength  of  the  current  or  the  length  of  the  time  of  its  appli- 
cation. It  will  thus  be  seen  that  we  have  a  power  at  our 
command  for  reaching  diseased  surfaces  unknown  to  the  gynae- 
cologists of  ten  years  ago. 

We  are  not  surprised  that  Apostoli  has  found  this  agent 
of  great  value  in  the  treatment  of  villous  disease  of  the 
endometrium,  the  various  forms  of  uterine  inflammation  and 
engorgement,  whether  of  the  endometrium,  perimetrium  or 
parenchematous  tissues  and  uterine  subinvolution.  Good 
results  have  also  been  reported  in  the  employment  of  Apostoli's 
method  in  amenorrha^a,  dysmenorrhoea,  menorrhagia,  and  also 
ovaritis,  salpingitis  and  other  diseases  of  the  uterine  append- 
ages. The  treatment  of  these  affections  is  essentially  the 
same  as  that  of  uterine  fibroids. 

Rather  than  give  a  detailed  account  of  the  treatment 
applicable  in  each  case,  which  would  necessitate  a  large 
amount  of  repetition,  I  have  been  content  to  lay  down  the 
general  plan  of  treatment  and  the  general  niles  governing  the 
selection   of  the   pole  to  be  used. 

The  abdominal  electrode  should  be  of  the  character 
rJready  described  ;    the   electrode   for  internal  use  may  consist 
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of  the  usual  form  of  intra-uterine  electrode,  which  may  be  intro- 
duced  into  the  cavity  of  the  uterus,  or  only  introduced  as  far 
as  the  08  internum  ;  again  a  spherical  electrode  covered  with 
wetted  absorbent  cotton  may  be  introduced  into  the  vagina, 
and  so  placed  as  to  be  contiguous  to  one  or  other  of  the 
ovaries,  or  pressed  into  the  posterior  cul-de-sac,  provided  it  is 
not  desirable  to  have  the  galvano-caustic  action  of  the  cur- 
rent on  the  tissues  of  the  endometrium. 

The  general  niles  governing  the  selection  of  the  pole  to  be 
used  in  a  given  case  are  as  follows  :  For  an  ulceration,  engorge- 
ment or  hemorrhage  the  positive  pole  should  be  used  ;  in  case 
we  wish  to  produce  stimulation  and  increased  flow  of  blood  to  the 
uterus,  the  negative  is  the  pole  to  use  ;  in  case  we  desire  an 
amount  of  stimulation  greater  than  can  be  produced  by  one 
pole  alone,  the  current  should  be  reversed  —  always  taking  the 
precaution  to  switch  oif  the  current  if  of  more  than  lifteen 
milllamp^res  strong,  lest  too  severe  a  shock  be  experienced  by 
the  patient.  In  case  the  intm-uterine  electrode,  which  has 
been  made  the  positive  pole,  is  found  to  be  adherent  to  the 
tissues  because  of  the  coagulation  and  contraction  of  the  albu- 
mins of  the  tissue,  the  current  should  be  reversed  for  a  few 
moments,  when  it  will  be  found  that  the  electrode  will  be 
removed  with  ease. 

CANCER. 

Malignant  growths  have  hitherto  never  been  treated  with 
any  degree  of  success  by  means  of  electricity  in  any  form, 
unless  it  be  by  means  of  galvano-cautery.  Local  application 
of  the  faradic  and  galvanic  currents  may  for  the  time  being 
apparently  arrest  the  growth,  and  in  certain  instances  has 
remarkably  diminished  the  pain  of  cancerous  tumors,  but,  as 
far  as  any  curative  action  is  concerned,  they  are  useless,  or 
worse  than   useless,   because  very  valuable  time  is  frequently 
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lost  in   the  attempts  of    the    patient    and    the  physician    to 
avoid  the   more   radical  surgical   operations. 

Beard  and  Rockwell  several  years  ago  brought  forward  a 
plan  of  electrolysis  called  ''Working  up  the  Base."  This  was 
simply  electrolysis  on  a  large  scale.  The  needles  broad  and 
flat  were  made  to  encircle  the  mass  beneath  the  base  of  the 
tumor,  and,  after  a  few  treatments,  they  succeeded  almost 
bloodlessly  in  destroying  the  tissue  at  the  base  of  the  tumor 
so  that  the  whole  sloughed  off  leaving  a  large,  ugly,  gran- 
ulating surface.  It  possessed  no  advantages  over  the  more 
speedy  and  less  painful  operations  with  the  knife,  and  was 
scarcely,  if  any,  better  than  many  of  the  arsenical  cancer 
plasters.  This  operation  did  not  become  popular,  and  now 
finds  a  fitting  place  among  the  relics  of  unsuccessful  appli- 
cations  of  electricity. 

Witliin  the  last  two  j'ears  a  London  physician.  Dr.  J. 
Inglis  Parsons,  has  devised  a  means  which  partakes  of  the 
character  both  of  electrolysis  and  of  the  therapeutic  applica- 
tion of  the  galvanic  current,  that  theoretically,  at  least,  promises 
well  for  these  cases  where  operative  procedure  is  inadvisable, 
lie  terms  it,  ''The  Arrest  of  (irrowth  in  Cancer  by  the  Interrupted 
Voltaic  Current  (Electro- Atrophy).'"*  The  author  also  recom- 
mends that  the  current  be  alternated,  so  that  there  will  not 
be  any  decided  electrolytic  or  galvano-chemical  action  about 
the  needles.  The  alkalies  which  appear  about  the  negative 
needle  during  the  passage  of  the  current  are  immediately 
neutralized  by  the  liberation  of  the  acids  which  appear  as 
soon  as  the  negative  pole  is  made  the  positive. 

"The  modus  operandi  is  as  follows:  The  patient  is  anaes- 
thetized ;  the  current  is  then  passed  through  the  tumor  and 
all  the  tissues  for  some  inches  around  it  by  means  of  fine 
insulated  needles,  so  as  not  to  injure  the  skin.     A  battery  of 

♦Woods  Medical  and  Surgical  Mouographs,  Vol.  V,  Xo.  3. 
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70  cells,  with  an  electro-motive  force  of  105  volts,  is  used ;  the 
intensity  of  the  current  to  commence  with  is  10  milliampferes, 
gradually  increased  to  600  railliampferes,  and  flashed  through 
the  growth  in  every  direction  from  50  to  100  times,  according 
to  circumstances.  The  pulse  and  respiration  are  carefully 
watched. 

"The  effects  produced  by  the  action  of  the  electricity 
consist  in  a  cessation  of  growth,  gradual  disappearance  of 
pain,  some  shrinking  and  hardening  of  the  tumor  and  enlarged 
glands,  followed  by  improved  nutrition  and  better  state  of 
the  general  health.  The  growth  as  a  whole  does  not 
disappear,  but  remains  as  an  inert  mass,  composed  in  all 
probability  of  fibrous  tissue  alone. 

''1.  There  is  no  destruction  to  the  normal  tissues  of  the 
body,  and  if  recurrence  should  at  any  time  occur,  its  progress 
can  be  immediately  stopped,  and  the  treatment  repeated  as 
many  times  as  necessary.  Life  would  by  this  means  be 
prolonged  indefinitely,  provided  that  matastatic  deposits  had 
not  occurred  before  the  commencement  of  the  treatment.  So 
far,  cases  able  to  bear  the  full  strength  required  have  shown 
no  signs  of  recurrence. 

''2.  Patients  are  not  obliged  to  lie  up,  but  are  able  to 
get  about  on  the  da}'  following  the  application. 

"3.  The  current  can  be  passed  through  almost  any  part 
of  the  body,  and  thus  arrest  growths  which  could  not  by  any 
possibility  be  otherwise  treated." 

This  author's  theory  of  the  action  of  electricity  administered 
in  this  way  is  briefly  as  follows :  The  cells  making  up  the 
cancerous  growth  are  similar  to  those  found  in  the  body 
elsewhere,  but  of  a  less  vitality,  because  free  from  control 
of  the  nervous  system,  and  are,  in  consequence,  more  easily 
destroyed  than  tlie  normal  evWs.  aiv.  Tht'  iralvanic  current 
of  from    200    to    OOO    iiiilli<;m.>erc>.    inrenujitul    u:im    iwcrsed, 
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traversing  the  malignant  growth  causes  a  destruction  of  and 
ultimate  absorption  of  the  cells  forming  the  new  growth,  but 
not  destrovins:  the  normal  tissue  or  the  connective  tissue 
cells  forming  the  stroma  of  the  growth.  In  extra-uterine 
pregnancy  a  somewhat  analogous  condition  of  affairs  is  present, 
viz.,  embryonic  tissue  developing  in  a  position  unfavorable 
to  its  most  complete  development,  and  the  growth  of  tliis 
embrvonic  tissue  destn^ved  bv  the  interruptions  and  reversals 

m  •  «p  I. 

of  a  galvanic  current  which  includes  this  tissue  in  its  circuit 

This  author  reports  four  cases  in  which  this  method  was 
tried.  Tlie  results  obtained  fully  iustified  the  application 
and  promise  much  m  like  cases.  Certainly  the  results 
promised  in  relief  of  pain,  shrinkage  of  the  tumor,  and  delay 
of  the  final   issue,  are  anv  of  them   sutficient  to  warrant  the 

•r 

operative  procedure  recommended. 

Tlie  query  at  once  arises  why  this  method  would  not  be 
applicable  to  intra-uterine  tibn>ids  I  This  author  discourages 
its  attempts  on  the  following  gnmnds :  Tlie  fibroid  tumor  is 
an  encapsulated  gn^wtlu  meairerly  j>n.>vided  with  bl«K>d-vessels 
and  abs<.>rbents :  should  the  cells  c«>!np>sing  the  fibroid  tumor 
be  destn^ved  we  would  have  a  slouirhins:  £ran£rrenous  mass 
with  little  i»pp<.^rtunity  oi  bein^  absorbed  and  removed,  with 
pn^bably  septic  jH^is<>ning  of  tlie  patient  and  possibly  death 
theret'rv^m.  As  o.^nlirmatorv  of  these  views,  this  author  cites 
several  iiisraiices  whore  the  currents  were  interrupted  in  metallic 
o:rv*i;::s  ^!ur:ii^  tlie  treatment  ^'f  uttriiie  fibn^ids  by  Apostoli^s 
nietiiod,  in  which  the  patient  sutiVrevi  for  several  davs 
atrerwarvl  witli  elevation  of  teniwrature,  increased  pulse  rate 
and  oti:tr  synipr^  ms  inuicativo  ot  sei-tic  absorption. 
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GALVANO-CACTERY. 

DIPHTHERIA. 


The  galvaoo-cantery  has  been  used  Id  diphtheria  to  destroy 
the  membrane.  It  accomplishes  this  very  thorocghly,  but 
wlien  the  eschar  6e]>arates  and  comes  off  it  leaves  a  raw 
grannlatiDg  surface  ready  to  receive  the  infection  and  be  again 


Via.  147. 
GALVANO-CAUTERV  CORDS. 
These  cords  are  very  fleilble,  and  u  light  In  weight  u  tbey  can  well  bs  made.   The; 
ofier  but  little  resistance  to  the  ptisage  or  Ibe  current,  which  Is  eHslly  noticed  by  tbe  fiut 
tb*t  the  cords  do  not  become  heated  wblle  belDg  used. 

covered  with  a  much  more  extensive  membrane  than  at  first. 
The  advantages  of  thia  method  of  removing  the  membrane, 
therefore,  do  not  appear  in  a  very  good  light.  In  practice 
this  method  is  rarely  if  ever  used  for  the  reasons  above  given. 

ENLARGED    T0KSIL8. 

In  enlargement  of  the  tonsils  the  galvano-cautery  serves  an 
admirable  purpose,  and  may  be  employed  alone  or  in  connec- 
tion with  other  surgical  means.  When  used  by  itself  the  loop 
of  the  galvanic  ecraseur  is  ma<]e  to  encircle  the  enlarged 
gland  and  the  amputation  is  accomplished  by  tightening  the 
ecraseur,  the  wire  being  heated  by  the  electric  current.  As  tlie 
loop  diminishes  in  circumference  the  current  should  be  dimin- 
ished, lest  the  tissue  is  burned  through  too  quickly.  This 
method  is,  however,  rarely  employed,  as  it  is  much  more 
tedious  than  the  ordinary  procedure  and  possesses  few  or  no 
advantages  over  that  method. 
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Again  the  gland  may  be  punctured  a  number  of  times 
by  a  pointed  electrode  heated  to  nearly  a  white  heat.  This 
operation  should  be  repeated  as  frequently  as  in  the  judgment 
of  the  operator  it  is  advisable,  and  after  a  suitable  time  has 
elapsed  for  the  punctures  of  the  previous  operation  to  have 
healed,  the  operation  should  be  repeated  until  the  desired 
results  are  attained.  In  this  manner  the  operation  is  decidedly 
more  tedious  than  by  the  use  of  the  tonsilatome.  It  has 
this  advantage  in  that  it  does  not  destroy  the  whole  of  the 
gland-tissue,  which,  as   some  hold,  it   is   not  advisable  to   do. 


Fio.  14S. 
GALVAXO-CArXERY  HANDLE. 


This  handle  illustrates  the  lightness,  compactness  and  method  of  inseiting  the  galvano. 
canteiT  electrodes  at  different  angles  in  a  better  manner  than  any  lengthy  description 
voald.  It  is  made  entirely  of  hard  rubl>er  and  nickel-plated  metal  work.  The  button 
shown  on  the  upper  side  of  the  electrode  allows  the  operator  to  make  and  break  the  current 
at  will.  This  handle  is  suitable  to  be  used  with  all  of  the  cautery  electrodes,  except  the 
loop,  with  an  ecraseiir  atuiohment. 

After  removal  of  the  tonsils  by  the  tonsilatome,  there  are, 

in    certain    cases,    j^ortions    of   tho    tissue    which    should    be 

removeti   and  which    cannot  very  well    be  aeci^mplished  at  the 

rime  of   the  operarlon.     In  thoso  oasos   tho   sralvano<auterv  is 

csei  5iib5o:::en:  v^  the  usr.a!  operation  with  advantage,  and  is 

of  sr-e^^ial  use  :r.  those  oases  whioh  on  juvount  of  the  excessive 

s*?f:en:rz  o:   the   tissue,  ::\'in    ]ono^   ooiiiinuod    disease,  causes 

the  :  -siia:— e  to  d^?  fmtx^ruvt  work.     If  a  solution  of  cocaine 

c^  iiyhr^i  t-  thr  t  r.shs  beforx^  iho  operation  little  or  no  pain 
•  •-•  -^      _^ 
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HAY   FEVER. 


In  those  cases  of  hay  fever  in  which  there  is  hypertrophy 
of  the  turbinated  bodies  with  regions  of  hypersesthesia  the 
galvano-cautery  has  been  of  great  value.  The  mode  of 
operation  is  as  follows :  A  solution  of  cocaine  muriate  is 
applied  either  by  means  of  a  spray  apparatus,  or  on  a  dossil  of 
absorbent  cotton.  After  the  sensation  is  sufficiently  deadened, 
a  nasal  speculum  of  hard  rubber  is  introduced  and  the  electrode, 
heated  to  a  cherry  red,  is  applied  and  quickly  removed.  It 
is  not  best  to  attempt  the  cauterization  of  too  large  a  surface 
at  one  time,  but  rather  take  several  sittings  to  accomplish 
the  result.  CFnless  the  hypertrophy  is  marked  it  is  best  to 
destroy  the  outer  layer  of  the  membrane  only,  because  this 
nperficial  application  does  not  cause  a  cicatrix  that  will  gives 
any  subsequent  trouble.  Occasionally  cauterization  of  the 
Schneiderian  membrane  by  means  of  the  galvano-cautery  has 
brought  on  an  attack  of  asthma,  and  has  converted  a  case  of 
hay  fever,  in  which  the  nasal  symptoms  predominated,  into 
one  of  the  asthmatic  form.  On  the  other  hand,  the  asthmatic 
form  of  the  fever  has  been  relieved  by  the  cauterization  of 
the  Schneiderian  membrane. 


GALVANO-CAUTERY  HANDLE  WITH  ECRASEUR  ATTACHMENT. 

This  handle  accomplishes  everj'thing  that  the  previous  one  does,  with  the  additional 
advantage  of  the  cautery  loop  with  the  ecraseur  attachment. 

That  which  is  true  of  every  other  form  of  treatment  is 
equally  true  here,  viz.,  that  this  agent  is  not  applicable  to 
every  case,  and  all  cases  are  not  cured  by  it,  but  it  has 
benefited  permanently  so  many  that  it  deserves  a  thorough 
trial  in  every  case  of  this  disease. 


486 


APPENDIX. 


A  friend  of  the  writer,  Dr.  M.  R.  Brown,  of  Chicago, 
applied  this  remedy  to  a  ease  of  hay  fever  some  years  since, 
curing  the  case.  Ho  had  written  an  article  for  publication,  when 
a  work  by  Sajous,  just  published,  came  into  his  hands,  and  he 
found  that  his  treatment  had  been  anticipated.  Another  illus- 
tration of  the  fact  of  simultaneous  discoveries  of  the  same  thing. 

In  hay  fever,  as  in  many  other  forms  of  disease,  electricity 
should  not  be  used  to  the  exclusion  of  other  means. 


CAUTERY   BATTERIES. 

Very  little  improvement  has  been  made  in  cautery  batteries 
during  the  past  few  years.  The  greatest  improvements  have 
been  in  the  storage  cell  and  its  adoption  for  cautery  purposes. 
As  this  has  already  been  fully  described  no  further  reference 
need  be  made  to  it 


\ 


No.  1 .     No.  2.     No.  3.        No.  4.     No.  5.   No.  6.      No.  7.      No.  8.       No.  9. 

Fi..,.  150. 

GALVANO-CAUTEKY   ELEi TROPES. 

The  above  are  a  few  of  the  more  cx^mmon  aiul  useful  forms  of  the  Galvmno-Cautery 
Eleetnxles.  Other  varieties  may  be  rvadily  mauufaeiuretl  as  desired,  and  nearly  every 
physician  who  ust^s  the  Cialvano-Cautery  has  his  own  especial  electrodes.  The  knives* 
iot^ps  and  disks  which  are  to  l»e  healed  are  ronstnicit^l  of  platinum  :  the  rest  of  the  instru- 
ment is  of  brass,  iiiokel-plaied  and  Ixnind  with  silk,  which  is  so  prt'^vired  as  to  not  only  hold 
the  metallic  pans  iu  place,  but  also  ihonni^hly  insulate  thorn.  These  electrodes  are  made 
as  light  a;>  is  pos&ible  without  interposing  tix>  much  rvsibtance  to  the  passage  of  the  current. 
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CAUTEET   ELECTRODES. 

The  tendency  has  been  to  make  the  handles,  cords  and 
electrodes  less  cumbersome.  It  is  found  that  the  thinner 
wire  answers  in  many  instances  fully  as  well  as  the  thicker 
wire  found  in  the  old  style  of  electrodes,  and  it  possesses 
this  advantage,  in  that  it  requires  less  current  to  produce 
the  requisite  temperature  of  the  electrode.  The  light  handle 
is  so  much  more  easily  manipulated  that  few  would  use  tlie 
more  cumbersome  handle  of  ten  years  ago,  from  choice. 

The  electrodes  of  today  are  to  the  electrodes  of  fifteen  years 
ago  as  the  pocket  case,  and  the  instruments  contained  in  it, 
of  today  are  to  those  of  our  grandfathers. 


IV.-ELECTRO-DIAGNOSIS. 

Within  a  comparatively  recent  time  the  galvanic  current, 
as  a  means  of  diagnosing  certain  forms  of  paralysis,  has  been 
nsed  in  medico-legal  examinations,  and  in  the  subsequent  tes- 
timony  in  our  courts  of  justice.  It  becomes,  therefore,  neces- 
sary to  dwell  on  this  matter  somewhat  more  at  length  than 
was  originally  done  in  the  body  of  the  work.  Clevenger  says 
"Electro-diagnosis  affords  an  infallible  means  of  converting 
many  subjective  into  objective  phenomena." 

We  find  that  the  reaction  of  muscles  to  the  action  of  the 
galvanic  current   may  be  either  quantitative  or  qualitative. 

QUANTITATIVE    CHANGES. 

* 

By  the  quantitative  changes  we  mean  that  it  requires  a 
greater  or  lesser  number  of  milliamp^res  of  current  to  pro- 
duce a  contraction  of  a  muscle  on  one  side  than  it  does  to 
produce  the  same  contraction  in  a  similar  muscle  on  the 
opposite  side  of  the  body.  The  quantitative  changes  by  them- 
selves do  not  necessarily  indicate  anything  seriously  wrong,  or 
that  there  is  necessarily  any  disease  of  the  muscle  or  nerve 
indicative  of  paralysis.  Tliese  quantitative  reactions  are  of 
little  value  taken  by  themselves.  They  simply  indicate  that 
the  muscles  of  one  side  of  the  body  respond  more  readily 
than  do  the  muscles  of  the  other  side  to  the  same  stimulation. 

QUALITATIVE   CHANGES. 

On  page  2f>6  will  be  found  a  statement  of  the  manner  in 
which  contractions  take  place  in  healthy  muscles  under  the 
influence  of  the  galvanic  current 

(488) 
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The  normal  reaction  may  be  tabulated  as  taking  place  in 
the  following  definite  order : 

Symbol.  Definition  of  Symbol.  Current  Strength. 

CCC Cathodal  closure  contraction. .  Mild. 

ACC A  nodal  closure  contraction  . . .  Moderately  strong.  . 

AOC Anodal  opening  contraction  . .  Strong. 

COC Cathodal  opening  contraction .  Very  strong  or  unbearabla 

Any  deviation  from  the  order  above  given  constitutes  that 
which  is  known  as  qualitative  changes. 

The  following  quotation  from  Dr.  Clevenger's  work  on 
Spinal  Concussion*  covers  the  ground  of  quantitative  and 
qualitative  changes  so  thoroughly  that  I  have  quoted  extensively 
from  it. 

The  number  of  milliamp^res  that  he  has  found  requisite 
to  produce  contractions  in  normal  conditions  agree  very  closely 
with  my  own  observation. 

"In  testing  with  the  galvanic  current,  one  electrode,  called 
the  indifferent,  is  placed  on  the  sternum  or  back  of  the  neck  ; 
a  large,  flat,  moist  sponge,  buckskin,  or  cotton-covered  plate 
is  better  than  one  of  small  size.  The  other  is  called  the  testing 
electrode,  and  should  be  small.  This  is  placed  on  the  region 
to  be  tested.  Since  the  terms  direct  and  indirect  stimulation 
have  been  confused  by  writers  they  need  not  be  referred  to 
beyond  stating  that  Erb  called  stimulation  of  the  muscle  from 
the  nerve  indirect,  and  direct  when  the  muscle  was  more 
directly  stimulated.  Others  held  that  nerve  excitation  was 
the  only  direct  method.  The  motor  points  or  places  nearest 
the  surface  where  the  nerve  may  be  reached  are  shown  in 
the  plates. 

"In  medical  electricity  the  j)ositive  pole  is  called  the  anode, 
and  the  negative  is  the  cathode.     German  and  English  scientific 


♦  "Spinal  Concussion,"  by  S.  V.  Clevengcr,  M.D.,  Chicago. 
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symbols  are  stiniggling    for  supremacy,   and  both  should   be 
mentioned,  though  in  this  work  only  the  latter  will  be  used. 

German  SymboL  EngllBh  SjnnboL 

Positive  pole Anode An Anode,  An  or  A 

Negative  pole Kathode Ka Cathode,  Ca  or  C 

Opening  of  circuit.  ..Oeffnung 0 Opening,  O 

Closing  of  circuit . . .  .Schleissung S Closing,  C 

Weak  contraction  . .  .Zuckung Z  or  z C  or  c 

Stronger  contraction.Starke  Zuckung Z'  or  Z'^ C  or  C 

Tetanic  contraction.. Sehr  Starke  Zuckung.Te  or  Z'^'  or  Z^^C^C''^C'orTe 

''The  puzzling  array  of  combinations,  such  asKaSTe  and 
An  O  Z,  etc.,  have  done  as  much  as  anything  to  deter  physicians 
from  studying  this  most  important  subject.  The  invention  of 
the  absolute  galvano-meter  enables  us  to  use  easily  comprehended 
figures  in  simplifying  the  entire  matter.  I  omit  the  useless 
c  or  C  in  denoting  contraction,  for,  when  it  is  recollected  that 
the  first  figure  indicates  the  lowest  number  of  milliampferes 
tliat  will  produce  a  contraction,  it  follows  that  the  strength  of 
contraction  can  be  expressed  far  better  in  such  absolute  degrees 
than  in  relative  terms. 

"The  normal  reaction  is  in  this  definite  order: 

1,CCC;  2,ACC;  3,A0C;  4,C0C. 
"Very  feeble  currents  cause  no  contraction  either  on  opening 
or  closing  with  either  pole. 

Weak  current C  C  C 

Stronger  current C  C  C^    +A  C  C 

Still  stronger  current. . .  C  C  C^'  +A  C  C^  -f  A  0  C 

Very  strong  current. . . .  C  C  C^^^+A  C  C^^-f  A  0  C^+COC 

"In  health  the  constant  galvanic  current  of  moderate  strength 
luces  contractions  when  the  current  strength  is  suddenly 
altered  by  reducing  or  increasing  the  current,  or  making  or 
breaking  the  circuit. 

"Some  distinctions  are  made  between  stimulating  the  nerves 
and  muscles,  such  as  quantitative,  and  an  occasional  change  of 
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place  between  A  C  C  and  A  O  C,  or  their  simultaneous  disap- 
pearance. Do  Watteville  claims  that  the  time  the  current  has 
been  flowing  through  the  nerve  before  it  is  broken,  as  well 
as  the  current  strength,  determine  the  position  or  occurrence 
of  A  O  C,  as  to  whether  the  order  shall  i)e  C  C  C,  A  O  C, 
A  C  C,  C  O  C,  or,  as  first  stated,  with  A  C  C  second  and 
A  O  C  third. 

"For  practical  purposes  tnese  finer  points  need  not  be 
discussed  here ;  it  will  answer  to  remember  that  the  relative 
positions  of  A  C  C  and  A  O  C  with  regard  to  precedence  of 
one  another  need  not  be  regarded  in  ordinary  tests  of  either 
muscles  or  nerves,  but  departures  from  the  arrangemerU  of  the 
other  symbols  constitute  degeneration  reactions.  That  arrange- 
ment is  the  definite  normal  polar-reaction  order,  the  cathodal- 
closing  contraction  being  the  first,  and  the  cathodal-opening 
contraction  being  the  last,  to  be  manifested. 

"  My  simplification  consists  in  dropping  the  contraction 
symbol  and  substituting  tlie  milliampfere  degrees,  thus : 


1,CC   3 

or 

CC    5 

2,  AC   6 

or 

AC   7 

3,A0   8 

or 

AO  8 

4,  C  0  15 

or 

CO20 

"I  have  endeavored  to  discover  something  like  a  mean 
normal  at  which  average  reactions  occur  in  milliampfere  terms, 
but  something  as  above  is  the  approximation,  and  should  be 
considered  only  such,  and  more  with  regard  to  the  relative 
distances  between  the  number  of  milliampferes  required  to 
produce  the  first  and  third  reactions  rather  than  between  the 
second  and  third  (which  were  just  stated  to  be  somewhat 
convertible),  or  particularly  the  fourth,  for  often  in  health 
cathodal  opening  cannot  be  induced  without  increasing  the 
current  to  a  too  painful  degree.     For  clearness  and  brevity's 
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sake  ice  f?ui(/  generally  neglect  consideration  of  C  O  in  healthy 
but  it  becomes  an  important  polar  reaction  in  disease, 

"  We  are  reduced,  then,  to  this  formala  for  health,  though 
it  is  only  approximate : 

l,CC 2  to  5 

2,ACorAO 6  to  8 

3,A0orC0 6to8 

4,  C  0 15 — ,  or  andemonstrable. 

"  RememberiiifT  that  the  strt^nger  current  prc»duces  not  only 
all  that  the  weaker  does,  but  additional  reactions,  the  primes^ 
seconds,  and  tliirds,  to  designate  the  force  of  contractions,  can 
be  disj>enseil  with,  as  well  as  the  usc*Iess  symbol  tV»r  ci>ntraction ; 
for  it  stands  to  rvasi>n  that  if  C  C  is  i>n>iluced  by  two  milliam- 
p^res,  and  does  not  cause  tlie  A  C.  which  may  require  eight 
milliamj^res,  then  eight,  or  the  stronger  current,  will  cause 
C  C  C\  and  so  on. 

•'We  are  now  prepared   to  discuss  the  diseased   reactions. 

*•  Striimpell*  gives  a  c^^ncise  review  of  the  subject : 

'••Tlie  variations  fn'^m  the  normal  state  seen  under  patho- 
Ic^oal  cv^nditions  tN»nsist  of  quantitative  and  qualitative  changes 
in  the  law  of  c^^nt ruction.  We  term  the  simple  increase  or 
diminution  of  the  eleotrit*al  exoitabilitv  in  nerves  or  muscles 
without  simuitanev^us  changes  in  ti;e  quality  and  order  of  the 
ocourre'^vv  of  muscular  cv^n tractions,  OjUantitative  changes.  The 
dis».\verv  of  increased  or  d:m:r.:sho\;  irrltabiiitv  of  nerve  and 
musvie  v-an  bo  made  most  easily  :n  uni'atcra'  diseases,  where 
we  ca;:  »>.  mivirv  the  strvt^inhs  x^f  ourrt  n:  rwiuired  to  obtain 
the  r.::r.:n:al  ^vntruotiv^n  on  tho  vii>eas<^\;  and  healdiv  ade  with 
eav^h  v^thor.  I:  we  aiv  dcalini:  with  br.ateral  or  ^irenend  diseases 
this  is  mv-^h  harvier  t.^  zy.ake  vn;t.     Wo  ir.ust,  then,  draw  our 

•A    TtfJK  Ivvi    .^f  Ve»Iv.T:ir      3^y     v^  .r^    >;-.v.:v":    X^jir^r  Mci£x«l  CXiaiqc^ 

Xn»    W-"^     '.NNK 
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comparisons  from  tlie  conditions  of  excitability  in  normal 
individuals,  where  the  different  obstacles  to  conduction  can 
be  carefully  estimated  by  the  aid  of  a  galvano-meter  or  by 
comparing  the  excitability  of  the  nerve-trunks  in  the  different 
parts  of  the  body  with  one  another.  For  this  purpose  we 
are  usually  content  (following  Erb's  example)  with  comparing 
the  superficial  nerves,  like  the  frontal,  accessory,  ulnar,  and 
peroneal,  which  are  easily  excited.  An  increase  of  electrical 
excitability  is  found  in  many  fresh  peripheral  paralyses,  and 
also  in  tetany.  A  diminution  of  electrical  excitability  is  found 
quite  frequently  in  bulbar  and  spinal  paralyses,  in  progressive 
muscular  atrophy,  etc. 

*"Much  more  important,  however,  than  the  simple  quanti- 
tative changes  of  electrical  excitability  are  those  not  merely 
quantitative  but  also  qualitative  deviations  from  the  normal 
law  of  contraction,  which  were  first  discovered  in  certain  forms 
of  paralyses  by  Baierlacher  in  1859,  and  were  soon  generally 
confirmed.  Erb  has  given  these  the  name  of  the  "reaction  of 
degeneration,"  because  they  are  closely  connected  with  the 
progress  of  certain  anatomical  changes  in  the  paralyzed  muscles 
and  nerves. 

" '  In  order  to  make  the  relations  of  the  reaction  of  degenera- 
tion clear,  let  us  select  as  an  example  any  fresh  peripheral  paral- 
ysis, and  follow  the  changes  in  excitability  to  the  two  currents 
in  the  nerves  and  muscles.  In  a  short  time  (two  or  three  days) 
after  the  onset  of  the  paralysis  a  gradually  increasing  decline 
in  the  faradic  current  and  galvanic  excitability  in  the  nerve 
begins.  After  one  or  two  weeks  the  excitability  is  completely 
lost,  so  that  from  the  nerve  we  can  no  longer  provoke  any 
trace  of  muscular  contraction  with  the  strongest  faradic  or 
constant  current.  During  this  time  the  excitability  of  the 
paralyzed  muscles  to  the  faradic  current  has  also  rapidly 
diminished,   and  finally  has  wholly  disappeared.     The  case  is 
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quite  different  with  direct  galvanic  excitement  of  the  muscles. 
Here  we  find  at  first  a  slight  diminution,  which  in  the  second 
week  passes  to  a  decided  increase  of  the  galvanic  muscular 
excitability.  We  now  obtain  marked  muscular  contractions  with 
relatively  weak  currents.  Besides  that,  two  otlier  very  important 
peculiarities  are  to  be  noted :  1.  The  muscular  contractions  are 
not  short  and  lightning-like,  as  under  normal  conditions,  but  they 
seem  quite  sluggish,  protracted,  "  worm-like,"  and  often  persist 
during  the  whole  duration  of  the  closure  of  the  current.  2.  The 
muscular  contractions  occur  not  only  chiefly  at  cathodal  closure, 
as  under  normal  conditions,  but  the  anodal-closure  contractions 
are  as  strong  as  the  cathodal-closure  contractions,  or  even 
plainly  exceed  them.  The  cathodal-opening  contraction  is  also 
frequently  stronger.  It  may  also  be  mentioned  here  that  the 
mechanical  irritability  of  the  muscles  in  such  cases  is  usually 
increased. 

''*This  second  degree  of  reaction  of  degeneration  lasts  from 
four  to  eight  weeks.  If  tlie  paralysis  be  severe  and  long 
continued,  or  incurable,  at  the  end  of  this  period  comes  a 
decline  of  the  galvanic  muscular  excitability.  The  contractions 
become  weaker,  the  strength  of  currt*nt  necessary  to  produce 
them  greater,  and,  finally,  in  incurable  cases,  even  with  the 
strongest  currents,  we  cjui  obtain  onlv  a  little,  slow,  anodal- 
closure  contraction  or  none  at  all.  It  is  different,  however,  in 
the  milder  curable  cases.  In  these  the  passage  to  the  normal 
condition  gradually  fuUows  either  the  increase  of  the  galvanic 
muscular  excitability  or.  in  more  protracted  cases,  its  secondary 
decline.  The  c\^ntraciions  l>eci^ine  more  vig^^rous  and  shorter, 
the  cathovhil-i*losln^  ot»nrrae:ion  jipiin  predominates,  the  faradic 
muscular  excitabilitv  and  the  fanidio  and  ffulvanie  excitability 
of  the  nerves   tinallv  return,  and   with  them   the  old   normal 

« 

iviiditions  are  RSton.M.  A  uui  t«>  bo  observed «in  these  cases 
is  of  creat  interest,  narnolv,  that  the  voluntarv  motion  in  such 
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cases  often  returns  decidedly  earlier  than  the  electrical  excit- 
ability of  the  peripheral  nerves.  We  see  then  that  a  diseased 
nerve  may  be  capable  of  conducting  irritations  coming  from 
the  brain,  while  the  taking  up  of  irritation,  its  direct  excitability, 
is  still  completely  lost.  Reaction  of  degeneration  can  sometimes 
be  made  out  in  lesions  of  peripheral  nerves,  and  perhaps  also 
in  spinal  diseases  in  those  muscles  which  show  no  essential 
limitation  of  their  voluntary  mobility.  In  such  cases  we  can 
obtain  a  muscular  reaction  by  electrical  irritation  of  the  nerve 
above  the  point  of  lesion. 

''' Besides  the  complete  reaction  of  degeneration,  just 
described,  there  is  also  a  so-called  partial  reaction  of  degen- 
eration, which  is  not  infrequent  in  milder  cases.  This  is 
when  the  diminution  of  the  faradic  and  galvanic  excitability 
in  the  nerves  and  the  diminution  of  faradic  excitability  in 
the  muscles  are  only  of  slight  degree,  while  the  characteristic 
changes  in  the  direct  galvanic  excitement  of  the  muscles  — 
increased  excitability,  slow  contractions,  and  predominance  of 
anodal-closure  contractions — are  fully  developed.  In  some 
cases  the  occurrence  of  slow  contractions  on  faradic  excitement 
of  nerves  and  muscles  has  lately  been  observed — "faradic 
reaction  of  degeneration." 

"'AH  paralyses  may  be  divided  into  two  great  groups — 
into  atrophic  paralyses,  and  paralyses  without  marked  atrophy 
of  the  affected  muscles.  We  have  learned  to  recognize  the 
necessary  hypothesis  of  the  "  trophic"  influence  of  the  ganglion- 
cells  in  the  anterior  comua  of  the  spinal  cord  as  the  foundation 
of  this  distinction.  In  all  cases  where  the  disease  affects 
these  ganglion-cells,  or  is  situated  in  the  peripheral  nerves, 
so  that  the  trophic  influence  of  the  ganglion-cells  on  the 
muscles  can  no  longer  exist,  we  have  a  degenerative  atrophy 
of  the  peripheral  portion  of  the  nerve  and  of  the  muscle 
belonging  to  it.      This  degenerative  atrophy  is  the  anatomical 
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cause  of  the  symptoms  of  tlie  electrical  reaction  of  degenera- 
tion. 

"*If  we  have  to  do  with  a  peripheral  paralysis,  such  as  a 
traumatic  lesion  of  a  nerve-trunk,  the  portion  of  the  nerve 
peripheral  to  the  point  of  lesion  is  separated  from  its  '*  trophic 
center ''  in  the  cord  and  begins  to  undergo  secondary  degenera- 
tion. The  first  anatomical  sign  of  the  degeneration  is  a 
breaking  down  of  the  medullary  sheath  into  large  and  small 
Hakes  and  drops.  Tlie  axis-cylinder  is  also  soon  destroyed, 
so  that  the  slieath  of  Schwann  finally  incloses  onlj'  homogeneous 
fluid  contents,  which  are  in  great  part  rapidly  absorbed.  At 
tlie  same  time  there  is  an  increase  of  the  nuclei  in  the  sheath, 
and  this  increase,  when  the  process  is  long  continued,  leads 
to  a  decided  increase  of  the  interstitial  connective  tissue  in  the 
nerve.  The  diminution  and  final  loss  of  electrical  irritability 
in  the  nerve  are  perfectly  parallel  to  these  anatomical  changes, 
as  we  can  easilv  understand. 

''*The  degeneration  of  the  nerve  involves  its  finest  termmal 
branches  in  the  muscles,  but  the  muscle  itself  does  not  remain 
unchanged.  The  muscular  fibers  undergo  a  marked  atrophy. 
They  become  much  smaller,  their  transverse  striation  is  less 
distinct,  and  they  show  in  part  a  fatty  and  ''granular" 
degeneration  of  their  contents.  Some  fibers  show  that 
peculiar,  yellow,  homogeneous  character  which  we  call  waxy 
degeneration.  In  addition  to  this  there  is  considerable  increase 
of  the  muscular  nuclei,  and  in  the  later  stages  a  great  new 
gR>wth  of  interstitial  connective  tissue,  often  associated  with 
a  marked  deposit  of  fat.  These  muscles,  thus  altered,  now 
react  only  to  the  galvanic  current  and  in  the  manner  above 
described.  The  juirticular  cause  of  this  remarkable  fact  is, 
of  course,  still  completely  unknown  to  us. 

'"In  the  incurable  c;uies  the  pnxvsses  of  degeneration  just 
describoil  gradually  advance,  but  in  the  cases  that  recover  a 
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number  of  processes  of  regeneration  begin  sooner  or  later. 
AV'e  cannot  here  go  into  the  liner  details,  wliich  are  still,  in 
many  respects,  the  subject  of  controversy  ;  but  it  is  certain 
that  new  nervous  and  muscular  Abel's  are  formed,  and  that, 
hand  in  iiand  with  the  anatomical  processes  of  regeneration, 
first  the  voluntary  motion  and  later  the  electrical  excitability 
of  the  paralyzed  parts  gradual!}'  return  again. 

^^'The  same  anatomical  changes,  which  we  have  just 
described  as  a  secondary  degeneration  in  lesions  of  the  peri- 
pheral motor  nerves,  also  develop  if  the  primary  disease  has  its 
seat  in  the  anterior  cornua  of  the  gray  matter  of  the  spinal 
cord  —  that  is,  in  the  trophic  centers  themselves.  In  these 
cases,  of  course,  the  form  of  the  disease  has  nothing  to  do 
with  it.  Both  in  the  different  forms  of  the  inflammation  and 
primary  atrophy,  and  also  in  new  growths  which  aflect  the 
anterior  gray  matter  of  the  cord,  a  secondary  degeneration, 
with  pronounced  reaction  of  degeneration,  develops  from  the 
anterior  roots  of  that  portion  of  the  c<»rd  aflected  to  the 
ends  of  the  peripheral  nerves,  and  even  to  the  corresponding 
muscles.  We  shall  also  learn  to  recognize  a  number  of 
primary  degenerations  of  the  peripheral  nerves,  like  primary 
neuritis,  diphtheritic  and  toxic  paralyses,  etc.,  which  likewise 
show  the  anatomical  changes,  and  likewise  give,  as  a  result 
of  these,  electrical  reaction  of  degeneration.  In  all  cerebral 
paralyses,  however,  and  in  those  spinal  paralyses  where  the 
cause  of  the  paralysis  is  situated  above  the  part  of  anterior 
gray  cornua  concerned,  the  degenerative  atrophy,  and  also  the 
reaction  of  degeneration,  are  entirely'  wanting. 

'''We  thus  see  that  tlie  reaction  of  degeneration,  in  regard 
to  diagnosis,  at  once  permits  us  to  decide  tliat  the  disease 
is  situated  in  the  gray  matter  of  the  cord  or  in  the  perij)Iieral 
nerves.  It  does  not  ])ermit  any  further  (h'stinction.  In  regard 
to    prognosis,    it    teaches    us    that    anatomical    changes    have 
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taken  place  in  the  nerves  and  moscles,  from  which  a  restoration 
is  still  very  possible,  but  at  all  events  it  can  take  place  onlj 
after  the  lapse  of  a  longer  time  —  at  least,  two  or  three  months. 
We  will  soon  learn  to  recognize  a  number  of  mild  peripheral 
paralyses  in  which  there  is  generally  no  reaction  of  d^eneration. 
From  the  absence  of  reaction  of  degeneration  we  can  then 
draw  the  conclusion,  with  certainty,  that  no  coarse  anatomical 
changes  are  present  in  the  nerve,  and  that  we  may  expect 
after  the  trouble  a  much  more  rapid  recovery,  perhaps  in 
three  or  four  weeks.  The  partial  reaction  of  degeneration, 
above  mentioned,  is  also  an  important  symptom  in  regard  to 
prognosis.  It  shows  that  severe  anatomical  changes  have 
taken  place  in  the  muscles  but  not  in  the  nerves,  and  hence 
it  always  permits  a  more  favorable  prognosis  as  to  time  than 
in  the  cases  with  complete  reaction  of  degeneration."'' 


Fig.  151. 

McDTTOSH  ELECTRIC  LARYNGOSCOPE. 

The  above  cut  shows  the  l&ryngoecope  aboat  one-half  its  natuial  sine.  It  is  exceedingly 
light.  ea9i1y  manipulated  and  thoroughly  efficacious.  It  U  one  of  the  applications  of  the 
incandescent  light  as  an  aid  to  physical  diagnosis,  and  is  cenainly  one  of  the  most  feasible 
and  best  instrument  of  the  kind  in  the  market.  This  instrument  can  be  used  with  the  cur- 
rent from  any  battery  which  furnishes  sufficient  current  for  cautery  purposes.  ltshotild« 
however,  never  be  used  unless  a  trustworthy  rheosut  is  in  the  circuit,  fur  fear  of  burning 
the  lamp  out.  The  metallic  rheostat  already  describcil.  or  one  made  especially  for  use  with 
this  laryngoscope,  should  always  be  in  the  circuit.  This  latter  rheostat  is  about  ^  inch  in 
diameter.  6  inches  long  when  closed  and  S  inches  when  drawn  out  ftiU  length.  This  instru- 
ment may  be  used  with  or  without  the  mirror,  and  is  of  value  to  dentists  in  illiuninating  the 
month,  and  ai'ls  very  materially  in  diagnosing  inflammatory  action  about  the  roots  of  the 
teeth.  This  instrument  is  such  a  valuable  aid  in  the  diagnosis  that  the  editor  has  seen  fit 
to  place  it  under  the  head  of  "  Electro-Diagnosis"  in  the  .\ri>endix. 


V.-ELECTRO-THERAPEUTIOS. 

THE   PRODUCTION  OF   CUTANEOUS   ANAESTHESIA. 

The  cataphoric  action  of  the  current  in  transferring  sub- 
stances in  the  direction  of  the  current  from  the  positive 
toward  the  negative  pole  has  been  utilized  in  producing  local 
anaesthesia  on  cutaneous  surfaces. 

When  cocaine  or  any  of  its  salts  are  applied  to  the  surface 
of  the  unbroken  skin,  there  is  no  anaesthetic  action  no  matter 
how  long  the  cocaine  may  be  in  contact  with  the  skin.  If 
the  sponge,  absorbent  cotton  or  wash  leather  which  interposes 
between  the  electrode  and  the  skin  be  moistened  with  a  solu- 
tion of  cocaine,  and  this  electrode  be  made  the  positive  pole, 
the  other  pole  being  placed  on  some  indifferent  point,  the 
skin  will  lose  its  sensibility.  The  current  causes  the  cocaine 
to  be  transferred  through  the  usually  non-absorbent  surface  of 
the  skin. 

The  strength  of  the  current  should  be  as  strong  as  can  be 
borne  by  the  patient.  The  greater  the  strength  of  the  current 
the  quicker  and  more  profound  the  local  anaesthesia,  because 
of  the  more  rapid  transference  of  the  cocaine.  The  strength 
of  the  current  will  depend,  to  some  extent  at  least,  upon  the 
susceptibility  of  the  patient  and  the  size  of  the  electrode 

GALVANIC   ELECTRICrrY   IN   PARASITIC   SKIN   DISEASES. 

Because  of  this  cataphoric  action  of  the  current  and  it» 
employment  with  cocaine  solutions.  Dr.  Henry  J.  Reynolds, 
of  Chicago*,  conceived  the  idea  that  he  would  be  able  to 
convey  mercurial    and    other    parasiticide    remedies    into    the 

•Reprint  of  an  article  read  before  the  Section  on  Dermatolog>-,  Ninth  International 
Medical  Conoress,  entitled  "A  New  Method  in  the  Treatment  of  the  Vegetable  Parasitic 
Diseases  of  the  Skin." 
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deeper  layers  of  the  skin,  wliere  these  micro8ef)pical  parasites 
have  their  habitat  and  thus  produce  a  cure.  The  diseases  for 
which  he  commends  this  treatment  are  the  following,  namely, 
''tinea  favosa,  tinea  versicolor,  and  the  three  forms  of  tinea 
trichophytina." 

The  battery  should  of  necessity  be  a  galvanic  battery, 
tlie  ordinary  ones  used  for  therapeutic  purposes  furnishing 
sufficient  current  for  this  treatment.  The  strength  of  the  cur- 
rent should  be  all  the  patient  is  able  to  bear.  This  will  be 
found  to  vary  in  diflFerent  cases,  and  in  probably  no  case  will 
a  current  stronger  than  eight  milliampferes  be  found  tolerable 
to  the  patient.  The  positive  electrode  should  always  be  one 
wetted  in  the  solution  to  be  applied.  The  negative  electrode 
should  be  applied  to  some  indifferent  portion  of  the  skin,  pref- 
erably in  the  neighborhood,  and  so  situated  in  relation  to  the 
positive  electrode  that  the  galvanic  current  should  not  traverse 
any  of  the  larger  nerve  centers  or  important  nerves.  As  the 
eurrent  is  used  solely  by  virtue  of  its  ability  to  convey  the 
medication  into  and  through  the  skin,  we  do  not  look  for 
any  other  therapeutic  action  of  the  current. 

The  following  is  Dr.  Reynolds'  method  of  applying  this 
treatment : 

''The  surface  to  be  treated  should  first  be  thoroughly 
cleansed  of  crusts,  scales  and  sebaceous  matter  by  the  usual 
process  of  oiling  and  washing  with  soap  and  hot  water,  etc. 
If  thought  necessary,  of  course,  the  loose  hairs  may  be 
removed,  though  in  the  cases  I  have  treated  this  was  not 
done.  I  saturate  the  sponge  of  the  positive  electrode  with 
whatever  parasiticide  lotion  is  preferred,  wiiich  may  be  aqueous, 
alcoholic  or  ethereal,  and  place  it  directly  u])on  the  part  to 
be  treated.  I  then  place  the  negative  electrode,  well  saturated 
with  water,  on  some  point  near  by.  A  more  remote  point, 
as  the  hand,  for  instance,  will  answer,  but  it  will  take  longer 
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time  to  get  the  same  effect  than  when  placed  near  by.  The 
electrodes  should  be  kept  firmly  pressed  to  the  skin,  the 
positive  being  occasionally  moistened,  as  required,  with 
more  of  the  solution  and  the  negative  with  more  water.  In 
order  to  get  a  sufficient  eflFect,  the  electrode  should  remain  on 
each  place  several  minutes  before  applying  it  to  another  place 
on  the  scalp.  I  think  it  is  not  wise  to  continue  the  treatment 
over  ten  or  fifteen  minutes  in  all  at  each  sitting,  and  perhaps  not 
oftener  than  once  a  day.  Tlie  parasiticide  used  in  the  cases  I 
treated  was  a  one  per  centum  solution  of  bichloride  of  mercury." 

This  method  of  treatment  has  been  recognized  in  Europe, 
and  has  been  employed  by  Drs.  E.  Charon  and  G.  Gevaert,  of 
Brussels.  The  strength  of  sublimate  solution  which  they  used 
was  not  stronger  than  from  three  to  five  per  thousand.  The 
following  observations  by  these  gentlemen  will  have  some 
interest  to  those  who  desire  to  use  this  valuable  means  of 
reaching  these  troublesome  diseases. 

''We  have  observed,  particularly  in  sensitive  patients, 
that  the  contact  of  the  anode,  even  with  a  weak  solution  (as 
a  three  per  thousand),  called  forth  cries  of  pain  during  the 
sitting,  producing  a  sensation  of  painful  pricking,  which  must 
be  incontestibly  attributed  to  the  penetrating  action  of  the 
mercurial  salt.  In  operating  we  use  a  sulphate  of  copper 
battery  of  only  twenty  elements,  and  never  have  we  produced, 
with  current  of  this  strength,  painful  impressions  in  treating 
chronic  nervous  aflections,  where  the  positive  pole  is  not 
impregnated  with  medicinal  agents.  On  the  other  hand,  a 
three  per  thousand  solution  of  corrosive  sublimate  applied 
by  friction  is  not  capable,  in  a  child,  of  producing  painful 
sensation.  We  have  here,  then,  positive  proof  that  the  painful 
tingling  analogous  to  that  produced  by  a  scald,  must  depend 
on  the  combined  action  of  the  mercurial  salt  and  the  gal- 
vanic current. 
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''TVe  Lave,  therefore,  at  our  disposal  a  powerful  medium, 
capable  of  carrying  to  the  interior  of  the  hairsheath  an  ener- 
getic parasiticide. 

'*  We  have,  therefore,  by  the  ingenious  invention  and 
method  proposed  by  Dr.  Beynolds,  a  horizon  of  new  experi- 
ments opened  up  to  the  dermatologist  for  the  treatment  of 
these  heretofore  almost  incurable  diseases  of  the  skin.'' 

CONCLUSION. 

At  no  time  in  the  history  of  electro-therapeutics  has  the 
field  been  so  thoroughly  and  well  occupied  by  competent  men 
as  at  the  present  time.  The  therapeutics  of  electricity  are  on 
a  more  substantial  basis  than  ever  before.  Our  knowledge 
of  electricity  and  methods  of  treatment  are  much  more  exact, 
thanks  to  the  instruments  of  precision  which  have  recently 
been  added  to  our  armamentarium.  Tlie  past  has  been  full 
of  surprises  to  even  the  most  sanguine  of  those  who  have 
labored  in  this  field. 

What  the  future  will  be,  what  of  the  unknown  in  electro- 
therapeutics that  will  become  known,  time  alone  can  telL 
Having  made  a  record  of  the  recent  accomplishments  of  this 
most  valuable  agent  we  await  the  future  developments,  hardly 
daring  to  speculate  as  to  what  they  will  be. 
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Gastralgia 828 

Gastric  atony,  vomiting  firom 827 
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GastrodyiiiA 827 

General  debility 289 

ikradization 18»< 

to  prepare  patient  for 192 

principles  of  electro-diagnosis 270 

Generating  plate 488 

Geni  to-urinary  organs 842 

Glands,  effect  of  electricity  upon 130 

enlarged 406 

salivary 322 

Glandular  tumors lOfi 

Gleet M8 

Glottis,  spasm  of 318 

Goitre 106 

exophthalmic 406 

Gout,  rheumatic 401 

Granular  lids 169,  290 

Graves'  disease 406 

Gravity  cells 110,  427 

for  vrhat  use  best  suited 427 

for  charging  storage  cells 430,  483 

reaction  in 113 

to  connect 112 

to  keep  In  order 113 

to  prepare  for  use Ill 

to  recharge 114 

Grenet  cell 107 

Gunshot  wounds 25S 

Hallucinations  of  sight 290 

Hand  electrode 280 

Hay  fever 313,  4f<\ 

Headache 289 

Health,  electrical  reactions  in 261 

Heart 315 

nervous  pain  of 321 

to  arrest  action  of 315 

to  stimulate 815 

Helix 176 

Hemi-chorea 404 

Hemicrania 280 

Hemiplegia 370 

Hemorrhoids 3.W 

Heptalgia...  32H 

Hernia 335 

Herpes  zoster 378 

Hirsuties 382 

History  of  galvano-cautery 167 

Hot-air  baths 222,  229 

Hydatids  of  liver 331 

Hydrocele 3>4 

Hydrogen,  amount  liberated 459 

disintegrutingof,  in  electrolysis 466 

mechanical  action  of 458 

Hydrometer 113 

Hydm- rheostat 18:^ 

Hydrastat 125 

Hyr>enemiaof  brain 279 

Hypertrophy  of  cervix  uteri 373 

prostate 347 

uterus 364 

Hysteria 404 

Hysterical  deafness 73 

disorders 73 

hypenestbesia 239 

Impotena; 160 

Improved  Topler  machine 61 

Incipient  insanity 282 

Incontinence  of  uierine 347 

Inrreasing  current 140 

Indirect  electrization 261 

Induced  currents 171 

franklinic  current 75 

Induction  and  conduction  compared...    54 

franklinic 51 

magnetic 41,173 

self 173 

Infantum  cholera 334 

Inflammation  of  ear  drum 297 


Inflammation  of  thitMit —  810 

Insanity 282 

Insomnia 284 

I*.sulation 68 

of  dwelling  house 58 

needles 182,  840 

Insulators 62 

Instruments  for  electro-diagnosis 442 

Slvano-cautery 166 
nilation  of 840 

Intercostal  neuralgia 897 

Intermittents 393 

Interrupted  galvanic  current 86 

Intestinal  obstruction.  834 

Intestines 828 

Inverted  eye-lashes 298 

Involimtary  muscles,  efl^t  of  electii- 

cityon 324,867 

Ions,  polarity  of. 160 

Irritability  of  ner\'e  and  muscle 267 

Irritable  urethra 348 

uterus 363 

Jar,  fhictiu^  of 58 

Leyden 67.  242 

of  K  leist 57 

Jaundice,  catarrhal 832 

Joints,  diseases  of 411 

Keepers 48 

Kidneys 842 

Knife,  galvano-cautery 166 

labile  current 140 

I^bor 366 

I/ichrymal  ducts 160 

lacteal  secretion,  to  increase 404 

language,  electrical,  obscurity  of 85 

I^aryngeal  tumors 168 

I/tryngismus 818 

Larynx 808 

diseases  of 809 

Law  of  attraction  and  repulsion,  mag- 
netic      89 

static 49 

electrolysis 146 

galvanic  stimulation 139 

of  contraction  189, 490,  491 

Laryngoscope,  Mcintosh's  electric 49tt 

I.ead  palsy 888 

l^eakage  or  electricity,  a  source  of 489 

Leclanchd  cells 427,441 

I>eucorrhea 263 

Leyden  Jar 57,  424 

Lining  power  of  a  magnet 44 

Lines  or  magnetic  force 89 

Liver 823 

cirrhosis  of 331 

congestion  of 880 

hydatids  of 331 

I>ocal  action 93 

lx>calized  faradization 186 

galvanization 141,  145 

Ixwation  of  neutral  point 188 

Locomotor  ataxia 391 

Loop,  galvano-cautery 166 

Loss  of  appetite 830 

sight 287 

smell 802 

speech 812 

taste 805 

voice 284,  311 

Lumbago 400 

Lungs 816 

diseases  of 816 

Machine,  electric 60 

care  ot 69 

Magnet,  artificial 87 

compound 42 

effect  of  di\'idiDg 40 

eye 294 


INDEX. 


509 


Maenet,  form  of 42 

lifting  power  of 44 

natufal 37 

permanent 37 

simple 42 

temporary 37 

therapeutical  properties  of 45 

to  charge 41 

to  preeerve 43 

Magnetic  attraction  and  repulsioii 38 

battery 43 

field 89 

force,  lines  of 39 

induction 173,    41 

across  bodies 173 

polarity 37 

sense 86 

Magnetism 35 

animal 44 

austral 40 

boreal 40 

terrestrial 86 

Magnetization 89 

Malignant  tumors 408 

Malingering 260 

Management  of  combined  batteries 200 

Mafsase,  electric 82 

Materius  of  elements 95 

Measurements,  units  of 105 

Melancholia 283 

Menorrhagia 860,  478 

Mental  gymnastics 134 

Mesmerism 45 

Metallic  discs 2M 

Metallo-theflrapy 46 

Metritis 864 

Bflicturition,  ftequent 846 

Migraine 280 

MiiK,  deficient  secretion  of 404 

MUllameters 442,  461 

construction  of 444 

Mcintosh 447 

should  be  occasionally  tested 447 

selection  of 448 

Sperry's  experiments  with 445 

Milli-amp^re 106,  448 

Miscellaneous  diseases 893 

Mode  of  applying  an  induced  static  cur- 
rent      83 

Mode  ofapplying  electricity  to  the  brain  276 

electricity  to  the  ear 296 

eye  magnet 295 

discharge 59 

electrifying  apatient 76 

faradic  electricity 184 

galvanism 140 

Morbid  depositions  in  brain 281 

Motor  nerves 248 

points 240,  244 

Motors,  electric 483 

Mouth,  diseases  of 804 

tumors  of 807 

Movements  of  body,  how  produced 243 

Moxa,  electric 187 

Multiple  arc,  arrangement  of  cells  in . . .    98 

Muscles,  motor  pointof 210 

Muscular  atrophy 390 

rheumatism 400 

Mutual  potential 56 

Myalgia  (see  Cramp) 889 

NaevT 412 

of  eyelid 290 

Nasal  catarrh 302 

duct,  closure  of 304 

Naso-pharyngeal  polypi 803 

Nausea 830 

Natural  magnet 37,    44 

Neck,  cricks  in 402  J 


Necklet 269 

Needles,  elecirolytic   151 

case 156 

conductor  154 

insulation  of 152 

introduction  of,  to  lessen  pain 154 

Nerve  plexuses 254 

splanchnic 255 

sympathetic  252 

Nerves,  dilator . .  / 249 

electrization  of 242 

motor  and  sensory 248 

reflex  action  of 248 

vaao-motor 249 

Nervous  cough 312 

deamess 298 

exhaustion 279 

system,  relation  of  electricity  to 248 

Neuralgia 895 

brachial 897 

of  brain 284,896 

intercostal 897 

of  stomach,  liver,  etc 828 

supra-orbital 396 

tic  doloureux 397 

testes 858 

Neurasthenia 279 

Neutral  point  of  magnets 89 

Non-conductors 62 

Nose,  diseases  of 801 

Number  of  currents  a  battery  should 

furnish 178 

Objections  to  the  electric  bath 222 

Obscurity  of  electrical  language 85 

Obstruction,  intestinal 834 

Ocular  muscles,  paralysis  of 291 

Odontalgia 806 

(Edema 885 

(Esophagus 822 

stricture  814 

Office  battery 204 

diagram  of 206 

and  bath  apparatus 224 

Ohm 106 

Ohm's  law 104 

Opacities  of  vitreous  humor 291 

Open  circuit 90 

Operations  performed  with  galvano-cau- 

tery 168 

Opium  habit 280 

Opium  poisoning  (see  Asphyxia)  319 

Optic  nerve,  atony  of 289 

Ovarian  irritation 866 

Ovaritis 478 

Palati  t<»n8or 812 

Palsy,  shaking 389 

Paracelsus 46 

Paralysis 3H4,  74 

electro-diagnosis  in 261 

of  brain 887 

bladder 846 

diaphragm 821 

focial  muscles 888 

ocular  muscles 291 

lead 388 

of  peripheral  origin 271 

proffnosis 278 

sphincter  ani 840 

throat 810 

tongue 3>4 

Paraplegia 270 

I^assive  electricity 35 

Patient,  to  prepare  for  electro-diagnosis.  288 

Pectoris,  angina 316 

Pendulous  abdomen 837 

Percutaneous  faradization 187 

galvanization , 140 

Periortitis,  chronic 4U 
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Static  machine,  selection  of 423 

sparks  from,  how  modified 423 

frequency  of 4  4 

volume  of 421 

Stomach  822 

acidity  of 830 

catarrh  and  dilation  of 830 

new  method  of  electrizing 825 

Stone  in  bladder 845 

Storage  batteries 429 

how  tocharge 430,  433 

directions  for  fllline 431,  432 

Stimulation,  law  of  galvanic 139 

Strabismus 293 

Strength  of  current 106 

to  use  in  treatment 142 

Stricture  of  oesophagus 314 

rectum 840 

urethra 3j8 

St.  Vitus' dance 402 

Sub-involution  of  uterus 870,  478 

Supporter,  galvanic 135 

Suppuration  of  ear 297 

Suspended  animation 819 

Suspensory,  galvanic 854 

Swrtch-boara,  oombintd 208 

Symbols  of  normal  reaction . . .  .489, 490,  491 

of  reaction  of  degeneration 492 

Sympathetic  nerve 252 

luble  of  electrolytes  and  ions 150 

Taste,  loss  of 805 

Teeth,  extraction  of J806 

Temporary  magnets 87 

Tension 56 

Tensor  palati  muscle 812 

Terrratnal  magnetism 86 

Tfertlary  currents 174 

Testes,  neuralgia  of 868 

Therapeutical  efiect  of  currents  com- 
pared  238 

properties  of  magnet 45 

Throat,  ana>mia  of 309 

hyDersusthesia  of 812 

inflammation  of 810 

irritation  of 810 

paralysis  of 810 

tumors  in 815 

Tic  doloureux 897 

Tinnitus  aurium „ 800 

Tips  of  conducting  cords tf^*  •  •  •  •  124 

Tissues,  effect  of  electrolysis  o^^K ...    152 

To  charge  a  magnet J^M- ^ 

To  detect  a  galvanic  current. . .  T7. 116 

direction  of  a  galvanic  current 119 

metal  in  wounds 274 

To  discover  cause  of  fldlure  of  battery 

to  work 213 

To  connect  gravity  cells  together 112 

with  apparatus 206 

galvanic  cells  with  coil 20O 

To  insulate  needles 152 

To  keep  gravity  cells  in  order 113 

To  lessen  pain  of  introducing  needles  . .  154 

Tongue,  cancer  of 168 

paralysis  of. 804 

to  remove 168,  807 

Tonsils,  enlarged 483 

Tonsilitis 314 

Toothache  74,  306 

Topler  machine 61 

To  prepare  gravity  cells  for  use Ill 

a  natient  for  faradization 192 

lor  galvanization 141 

To  preser>'e  a  magnet 43 

To  purify  sponge  electrodes 218 

To  rechange  gravity  oeUf 114 


To  remove  fhigments  of  metal  ttom  the 

eye 294 

To  replace  elements 203 

To  resuscitate  the  drowned 73,  819 

To  test  an  electrified  object 61 

Torticollis 402 

Tray  cell 114 

Treatment,  details  of 141 

Tremens,  delirium 230 

Tremors 389 

Trichiasis 298 

True  polarity  of  compass  needle 40 

Tub  bath 226 

Tumors,  cystic 290 

fibroid 374,  461 

glandular 406 

malignant  408 

Two-fluid  cells 109 

Twelve-cell  combined  battery 194 

galvanic  battery 167 

Twentyfour-cell  combined  battery 196 

galvanic  battery 127 

bases 201 

box  and  cells 197 

Tympanites 388 

Ulcers 879 

electrode  fbr 880 

Unit  of  current 443 

Units  of  measurement 106 

Urethra,  irritable 348 

stricture  of 848,  454 

Ureters 312 

Urinary  organs 312 

Urine,  Incontinence  of 317 

Uterus  and  appendages 856 

atrophy  or. 867 

displacements  of 366 

engorgement  of 364,  478 

f\ingold  growths  in 874 

hypertrophy 364 

inflammation  of 364,  478 

irritable 363 

prolapsus 366 

subinvolution 478 

Vaginal  electrodes 868 

Vaginismus 362 

Value  of  electrolysis 169 

Vapor  electric  bath 229 

Varicose  veins 416 

Vascular  tumors 163 

Vaso-motor  nerves 249 

Vent  tube 438 

Villous  disease  of  endometrium  ; 478 

Vitreous  electricity 49 

humor,  opacities  of 291 

Vocabulary 7 

Volta  K7 

Volt 106 

Voltaic  pile 87 

Voltameter 1 17,  419 

Vomiting 326 

hysterical 327 

from  gastric  atony 827 

of  pregnancy 326 

to  produce 327 

Warm  baths 221 

Water-brash  330 

rheostat 183 

Weakness  of  sight 288 

Whooping  cough 313 

Wind,  electric 81,  426 

Wounds 379 

gunshot,  to  find  bullet 268 

Wry  neck 402 

Zinc,  to  amalgamate 98 


U871      Haynes,    CM.        59168 
H4£            Electro-therapoutics. 

HAUB 

DAtB  DUB 

. 

^fl 

.^^1 

.^^^H 

,^H 

